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SUMMARY

This study shows that the 1:50,000 scale aerial photography was an effective tool for
identifying and mapping the distribution of landform conditions and plant communities
on a regional basis. Although general soil and vegetation conditions were interpreted from
the photography, the details concerning soil texturc and soil depth on the landform units
and the species composition of the plant communities were determined in the field.

Terrain analysis in the Fort Bliss study area identified four major landform categories:
mountains/hills, alluvial fans, basin areas, and washes. These categories were divided into
14 smaller units using specific geomorphological characteristics, i.e. changes in relief,
breaks in slope, differences in three-dimensional shape, drainage characteristics, erosion
patterns, topographic position, and photo tones and textures. The landform units were
described and their spatial distribution was mapped using photographic interpretation and
analysis procedures. Field and laboratory studies verified these landform units as discrete
landform units by evaluating rock type, soil profiles, and soil analysis. Soil texture and soil

X_ depth vary considerably among the landform units, with soil texture ranging from almost
pure clay to pure sand and soil depth varying from zero to more than 2 meters. Soil water-
holding capacity was inversely correlated with the percent sand and directly correlated with

- - the percent silt and clay.

Land cover mapping on the aerial photography identified and delineated discrete
photo patterns that were inferentially discrete plant communities. Continuity in mapping
the photo patterns throughout the study area was essential because the photo pattern map
formed the basis for collecting phytosociological and terrain data.

Because the identification of plant species was not possible on the aerial photography,
species identification and species composition of the mapping units were determined in the
field. A selected number of sample sites, at which terrain and phytosociological data were
collected, were located among the photo patterns. The phytosociological data characterizing
the plant community associated with each photo pattern was analyzed using computer
techniques and the Tabular Comparison Method. From this analysis, 22 discrete plant
communities were identified and described. From these data and the numerous random
observations made enroute to the sample sites, associations between the plant communities
and photo pat.erns were made. Most of the plant communities were found associated with
a particular photo pattern. Several plant communities were encountered that had sufficiently
similar photo patterns and could not be differentiated from each other on the 1:50,000
scale photography. These plant communities were separated using ground truth information.
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The associations between the plant communities and landform units were determined
in part from field data collected at each sample site. Detailed data describing the plant
community and landform associations were collected in the laboratory by sampling the
plant community overlay "sandwiched" with the landform overlay. The data substantiated
the field observations and data, that certain plant communities were found more frequently
on some landform units and less frequently or not at all on other landform units.

The plant communities described for the study area were grouped into four classes
defined by the landform type, soil texture, and soil depth conditions:

I. Shrub and shrub-grass communities of the basin areas on sandy loam, sandy
clay loam, silty clay loam, loamy sand, and sand soils more than 2 meters deep, with some
interdunal soils less than 30 cm to the petrocalcic horizon.

2. Shrub and grass-shrub communities of some upper alluvial fans and upland
areas underlain by bedrock on clay, clay loam, loam, or gravelly loam soils less than 30 cm
deep.

3. Shrub-grass and grass communities of the lower alluvial fans, depressions in
the basins, and the washes that receive water from adjacent areas on clay loam, silty loam,
clay, and sandy clay soils more than 30 cm deep.

4. Shrub and shrub-grass communities of intermediate and sand-covered
alluvial fans, the mesa, dissected hills, and some upper alluvial fans on clay loam, clay, sandy
clay, and clay loam textured soils 15 to 30 cm deep.
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PREFACE

This study was conducted to identify specific pattern elements that can serve as
practical plant indicators of geological, biological, and cultural identities and properties
within the study area and to document manual procedures for image analysis. The work
reported on was done under DA Project 4A161102B52C, Task C, Work Unit 0010,

"Indicators of Terrain Conditions."

The authors wish to express their appreciation to Mi. Kevin von Finger, Ecologist, and
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U.S. Army Air Defense Center and Ft. Bliss, Texas, for their cooperation and assistance
in this study; to Mr. Cedric Key and Ms. Carla Ennis, Terrain Analysis Center (TAC), U.S.
Army Engineer Topographic Laboratories (USAETL), for cartographic support, and to
Mr. George E. M. Newbury III, Consultant's Office, and Ms. Claudia Newbury, TAC, for their
field and laboratory assistance; and to Dr. Miklos Treiber and Mr. Ponder Henley, Center
for Remote Sensing, Research Institute, ETL, for their technical assistance and perspectives
in the data analysis effort.
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J. N. Rinker, Team Leader, Center for Remote Sensing and Ir. M. Crowell, Jr., Director,
Research Institute.

COL Daniel L. Lycan, CE was Commander and Director and Mr. Robert P. Macchia
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VEGETATION AND TERRAIN RELATIONSHIPS IN
SOUTH-CENTRAL NEW MEXICO AND WESTERN TEXAS

INTRODUCTION

The effects of vegetation on soil and of soil on vegetation have been studied and
observed for many years. Early soil-vegetation studies in the western U.S. were made for
purposes related to the growth of cultivated crops and grazing.1,2,3 The present study was
conducted in south-central New Mexico and western Texas where the vegetation was largely
dominated by shrub species having various drought tolerances and occupying distinct soil
conditions. The vegetation in the study area, although placed in the northern Chihuahuan
Desert by Shreve, is thought by other plant geographers to be disturbance or disclimax
communities, having developed from the true climax vegetation; Desert Grassland. 4 5

The replacement of the climax grass communities by shrub-dominated communities
has occurred over the past 100 years or more as a consequence of disturbance primarily
related to grazing practices. 6 Although the climax grassland vegetation has been drastically
changed, the shrub and grass species in the study area iorm discrete plant communities that
are adjusted to the environmental conditions impinging upon them. Identifying the relation-
ships between the plant species and the environmental factors enables the plant species or
plant community to be used as an indicator of those environmental factors.

IT.H. Kearney, L.J. Briggs, H.L. Shantz, W.J.W. McLane, and R.L. Piemeisel, "Indicator crgifieance of vegetation in Tootle

Valley, Utah." Journ. Agri. Res. 1:365-417. 1914.

2A.W. Sampson, "Plant indicators concept and status." Bot. Rer. 5:155-206. 1939.

3 D.H. Gates, L.A. Stoddart, and C.W. Cook, "Soil as a factor influencing plant distribution on salt deserts of Utah." Eco-
logical Monographs, V. 26, 1956, pp 155-175.

4J,L. Gardner, "Vegetation of the Creosotebrush Area of the Rio Grande Valley in New Mexico." Ecology 21:379-402.
1951.g5
I1bid.
6Ibid.
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Plant species as indicator organisms have a record of varying degrees of success. Not
until the mid-1890's were conscientious efforts and systematic work begun on using plant
species and plant communities as indicators.7 The indicator concept is founded on the
premises that (1) a plant is the expression of the environmental factors that can affect it
and (2) that the ability of a plant to endure these stress factors depends on the plant's
genetic properties and physiological processes.

In using plants as indicators of soil conditions, it is essential to know whether the
conditions the species requires is some particular element or condition found in the soil
that is necessary for its viable growth or whether the species is present merely because it
can tolerate the conditions. The ideal indicator species is one with a definable, yet rather
narrow, range for the factor(s) being considered, and whose occurrence is dependent upon
this factor. Species with broad tolerance ranges, or ecological amplitudes for an environ-
mental factor, do not make good indicators because they can fill many different ecological
niches, which lowers their indicator usefulness. However, when two or more of the species
with broad ecological amplitude have overlapping distribution and occur in the same com-
munity, their mutual occurrence and tolerances can be used to predict the factor intensity
that each can tolerate. For example, Artemisia tridentata is an indicator of low saline soil
and occurs on a wide range of soil textural and soil depth conditions. Sarcobatus i'ermiculatus
is a shrub species indicative of medium to highly saline soils and occurs on fine-textured
soils, silts and clays, with available soil water. Both species occur widely within the cold
desert region of the Great Basin. Where these species occur together, predictions of the
edaphic conditions common to each, yet not necessarily exceeding the tolerance limits of
either species, can be made. The soil conditions that might be predicted in this example
are a nonsaline to slightly saline, fine-textured soil with ground water ill the root zone.
Knowing the tolerance range for the factor(s) affecting the distribution of associated species
enables the species to "act" as factor sieves and to reduce the range of the factor(s)
affecting either species, thereby providing an effective mechanism for predicting environ-
mental conditions.

7 A.W. Sampson, "Plant Indicators Concept and Status." Bot. Ren 5:155-206. 1939.
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Gates found significant differences in the edaphic conditions between soils occupied
by the various species under study. 8 No species was found restricted in its distribution by
a narrow tolerance range for any specific soil factor, and the range of the soil factors over-
lapped for all species. Although the species he studied may be unreliable as indicators of
specific soil characteristics, in some instances the species could be used for imposing limits
and estimating averages expected for certain soil factors.

Previous work in the U.S. and Europe has shown that using vegetation as indicators

should be directed toward the plant community level. The reasons are:

1. The ecotypic differentiation of plant species.

2. The role of secondary or associated species in narrowing the factor range.

3. Consistency in extrapolating the geobotanical data.9' 10

The principal difficulty in geobotanical investigations in unfamiliar regions
is that of identifying the species characteristics of certain plant communities that indicate
the assemblage of environmental factors in which they occur. Geobotanical studies often
require data from a large number of sampling points over a large area to describe accurately
the species-factor relationship of interest. Processing phytosociological data has been done
effectively using the Tabular Comparison Method. 1 1,1 2 This method enables the investigator
to identify the critical plant species from which plant communities are defined as more or
less discrete units.

8 D.11. Gates, L.A. Stoddart, and C.W. Cook, "Soil as a factor influencing plant distribution on salt deserts of Utah." Eco.

logical Monographs, V. 26, 1956, pp 155-175.

9 A.W. Sampson, "Plant indicators concept and status." Bot. Rev. 5:155-206. 1939.

1 0 1.N. Beidman, "The significance of coedificators in the indicator properties of plant communities." in A. G. Chikishev,
(ed). Plant Indicators of Soils, Rocks, and Subsurface Waters. Consultants Bureau. New York. 1965.

1 1 D. Mullcer-Dombois and It. Ellenbeg, Aims and Methods of Vegetation Ecology. New York: John Wiley and Sons, Inc.,
1974, p 547.

1 2 A.W. Kuchler, Vegctation Mapping. New York: Ronald Press Co, 1967.
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A major problem of the method has been the tedious manual techniques for mani-
pulating the phytosociological data. Leith and Moore automated the handling of phyto-
sociological data in the Tabular Comparison Method using digital computer techniques. 13

When the automated method is used, phytosociological data collected in the field can be
processed rapidly and accurately, groups of species from among the sample sites (releves)
can be isolated, and data can be displayed in tables from which the investigator can identify
the critical plant species and the plant communities. At the same time, bias in arranging
the sample site data is reduced. However, personal bias is not removed because the inves-
tigator does the final "fine-tuning" of the community arrangements using an arbitrary
sort routine. The final appearance of the clustered data depends upon the investigator's
ability to identify the dominant and subdominant species. Even though the processing of
phytosociological data has been eased by using computer techniques, the difficulties in
recognizing the critical plant associations and mapping their distribution remain.

Several vegetation studies were done in the area that were based on reconnaissance
of an area in which the major plant communities were identified and described.* In
using the reconnaissance method to study the vegetation in an area, two biases can occur:
(1) in deciding which communities are important, and (2) in determining which sample
sites will represent the "type" plant community. In the referenced studies, although the
more conspicuous plant communities were generally identified and described, the major
communities that were not encountered during the reconnaissance, or only infrequently
encountered, were either left out or given less than community status. Thus, a rapid iden-
tification method is needed to determine whether critical communties were missed during
the reconnaissance. For most vegetation studies, it is impractical to traverse large areas to
ensure that all important communities have been accounted for.

*Two of the studies were done by C. W. Merriam and It. K. Gardner.

13 LLieth, and G.W. Moore, "Computerized clustering of species in phytosociologieal tables and its utilization for field
work" in Spatial Pattens and Statistlcal Distributions by G.P. Patti, E.C. Pielou, and W.E. Waters (eds). University Park, PA:
The Pennsylvania State University Press. 1971. pp 403422.

14
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To ensure complete and accurate identification, aerial photography and aerial photo-
graphic analysis techniques can be used for regional assessment and the identification of
areas with discrete photo tones and textures. The discrete areas can then be investigated
during field studies of the associated vegetation and environmental conditions. When using

aerial photography for vegetation studies, the premise is that segments of the aerial photo-
graphy with similar tones and textures represent ground areas with similar vegetation and
terrain conditions. Although using aerial photography in vegetation studies is not new, aerial

- : photographic interpretation techniques combined with the Tabular Comparison Method to
do phytosocioldgical studies has not been widely used. This combination offers a method
by which:

1. Discrete plant communities can be identified prior to field reconnaissance,
thus facilitating the reconnaissance effort.

2. Field sample sites can be located for collecting phytosociological data
for the important "type" plant communities prior to going into the field.

3. Phytosociological data can be readily and accurately processed, and plant
communities can be identified and described.

4. The spatial distribution of the plant communities can be used as a base for
future environmental work.

OBJECTIVES

Based on the potential for combining the Tabular Comparison Method and aerial
photographic interpretation techniques, the objectives of this study were

1. To evaluate using manual aerial photographic analysis and interpretation
techniques to identify and describe the relationships between vegetation, landform, and
soil conditions.

2. To determine the compatibility of the Tabular Comparison Method with
aerial photographic interpretation techniques for conducting regional phytosociological
studies.

15
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3THE STUDY AREA

The study area is located in south-central New Mexico and western Texas, within
geographic coordinates 105 045 'W, 3!45'N; 106 030'W, 31'45'N; 105*45'W, 32045 ,

N: 106030'W, 32045 'N (figure 1). The area is included in the Lower Sonoran Life Zone
by Merriam. 14 Shreve places this area in the Chihuahuan Desert, but suggests this northern
portion could be in fle Desert-Grassland Transition area.1 S Gardner places the area in the
Desert Plains Grassl -based on his review of logs and journals of early travelers and records
from expeditions i - is region. 16 Prior to major cattle ranching in the late 19th century,
the climax plant co .munities forming the Desert Plains Grasslands were dominated by
grasses. Today, these grassland communities have been replaced by several shrub species;
primarily, Prosopis glandulosa. Larrea tridentata, Flourensia cernua, and Artenisia filifolia.
which dominate much of the landscape in the Tularosa Basin and Hueco Bolson ana the
alluvial fans coming into these basins, although isolated areas of Sporobolus grassland
can be found. Grassland communities dominated by Bouteloua eriopoda. B. curtipendula,
and B. gracilis still form the vegetative cover on the Otero Mesa and Hueco Mountains,
but encroachment of shrub species into these grasslands in readily evident. The displacement
of the grassland communities by the shrub communities is believed to be the result of the
overgrazing practices that began in the late 19th century.

The climate of the study area is characterized as a hot, dry desert with temperatures
above 00 C for all months. 1 7 There is an abundance of sunshine, and a wide range between
the day and night temperatures and relative humidity (26 percent day and 56 percent night).
Although precipitation is variable throughout the year, it is rather uniform throughout the
study area, ranging from 21.4 to 24.9 cm per year (table 1). About half of the average
annual rainfall occurs during July through October. This period coincides with the major
portion of the growing season for most grass and shrub species. Summer precipitation is
primaily localized thunderstorms of high intensity, with most winter moisture coming as
low-intensity rains or occasional snow. The mean annual temperatures range from 17.70 C
at El Paso, Texas to 14.80 C at Jornada Experiment Range, New Mexico (table 1).

S
1 4 C.H. Merriam, "Life zones and crop zones of the United States." US Dept. Agr. Biol. Sur Bull. 10:1898. p 79.
1 5 J.L. Gardner, "Veitetation of the Creosotebrush Area of the Rio Grande Valley in New Mexico." Ecology 21:1951,
pp 379-402.

I6bid. i

1 7 G.T. Trewartha, Elements of P,."yfical Geography.New York: McGraw Hill Book Co. Inc. 1957.

1i6
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TABLE 1. Mean Annual Temperature and Precipitation for Selected Stations

Temperature Precipitation
Station (°C) (OF) (cm) (inches)

El Paso, Texas 17.7 63.8 21.5 8.47

Alamogordo, New Mexico 16.2 61.1 24.9 9.8

Jornada Experiment Range,
New Mexico 14.8 58.7 22.6 8.91

State University, New Mexico 15.6 60.1 21.4 8.41

Orogrande, New Mexico 17.1 62.7 22.9 9.01

White Sands National
Monument, New Mexico 15.4 59.8 19.3 7.61

Total evaporation in the area ranges from 235 to 267 cm per year (92 to 105
inches). At State University, Las Cruces, New Mexico, total evaporation averaged approxi-
mately 235 cm per year from 1968 to 1977. Most of the potential annual evaporation,
about 60 percent, occurs from April through September, during which time the mean
monthly evaporation ranges from about 20 to 30 cm per month. Mean precipitation
during this same period ranged from 0.5 to 4.3 cm per month (table 2), which was about
2 to 16 percent of the potential monthly evaporation. Annually, the mean potential eva-
poration is more than 10 times the mean annual precipitation.
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TABLE 2. Mean Monthly and Annual Total Evaporation and Precipitation,
State University, New Mexico (1968-1977)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann
(Centimeters)

Evaporation 8.1 11.4 19.3 25.4 30.2 30.5 29.2 26.7 20.3 16.0 10.2 7.9 235

Precipitation '0.9 1.1 8.1 0.5 0.8 1.3 4.2 4.3 3.2 1.8 1.2 1.2 28.6

Thombury places the Ft. Bliss region within the Basin and Range physiographic pro-
vince.1 8 The area consists of approximately equal proportions of basin and mountain range
and includes the Rio Grande Rift, a series of interconnected basins. The fault block moun-
tains that trend north-south in the study area are the Franklin and Organ Mountains on the
west and the Sacramento and Hueco Mountains on the east. The fault block mountains
are separated in the south by the Hueco Bolson, parts of which have external drainage into
the Rio Grande River, and in the north by the Tularosa Basin, which exhibits internal
drainage.

The Franklin Mountains are composed of sedimentary and volcanic rocks (figure 2).
The sedimentary rocks, mainly limestone with some sandstone and shale, are located on the
northern and southern ends of the mountains. Andesitic volcanic rocks are located in the
central portion of the Fraaklin Mountains. The andesite appears fault bounded. Granite
underlies the Franklin Mountains and is visible along the eastern front. The Organ Mountains
are formed of intrusive granitic rock with some sedimentary rocks on their southern flanks.
Some volcanic rocks are found in the southwest part of the Organ Mountain range. The
sedimentary rocks in both mountain ranges dip 300 to 500 west.

18William D. Thornbury, Regional Gcomorphology of the United States. 2nd ed. New York: John Wiley and Sons, Inc..

1%5.
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Note: 1: :50.000 Scale

FIGURE 2. Photo ;eolo-N of Fort Bliss and Adjacent Areas
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The Hueco Mountains on the eastern side of the study area are faulted along therock/basin boundary and along the Otero Mesa/Hueco Mountains boundary (figure 2).The rocks in the Hueco Mountains are primarily limestone with some shale. Several graniticintrusions, Cerro Alto and Red Hill, are present within the Hueco Mountains. The rocksforming the Otero Mesa are exclusively sedimentary. The mesa is capped with limestone,
but sandstone and shale can occur in the escarpment. The rocks in this area dip a maximumof 300 to the east-southeast in the Hueco Mountains, and 100 to the east on the Otero Mesa.The regional dip is to the south or southeast.

The Jarilla Mountains, in the northeast part of the study area, are not related toeither the eastern or western mountains (figure 2). These mountains are a granitic intrusion.Sedimentary rocks occur in the northern end of the mountains, and as isolated linear out-crops, partially ringing the main intrusive body of rock, indicating the intrusion is younger
than the sedimentary rocks.

In figures 3 and 4, the structural and rock type relationships in the northern andsouthern portions of the study area are shown.
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MATERIALS AND METHODS

The aerial photography used in this study was 22.9 by 22.9 cm (9 by 9 inches),F 1:50,000 scale panchromatic stero aerial photography,' 9 which was obtained from the
Defense Mapping Agency, Washington, DC. Alternate photographs were assembled to
form three 102- by 152-cm uncontrolled pholomosaics, from which the photography could
be viewed stereosocopically, Because of the size of the study areas, three photomosaics were
needed to all6Afor some overlap between the mosaics. This imagery was used for identifying
and describing the landform and vegetation conditions in the study area and for locating
the sample sites. A geological photographic study was done using 1:100,000 scale panchro-
matic aerial photography, also obtained from the Defense Mapping Agency. 19

The area was studied using standard porcedures of air photo analysis, i.e. a careful
evaluation of the photo pattern elements of landform, drainage (plan and eievation), erosion,
deposition, vegetation, cultural features, tones and textures, and special features. In the
study, most information was obtained by evaluating landform; drainage-plan (pattern and
density); drainage-elevation (gully cross sections and gradient); and the photo tones and
textures on the 1:50,000 scale photography. The photo tones and textures were evaluated
to identify discrete land cover areas on the photography and map their occurrence on each
photomosaic. The landform and land cover units were then verified and described in detail
from field data obtained at selected sample sites and from many random observations made
enroute to these preselected sites. The sample sites were located, in part, with regard to the
accessibility to the selected mapping unit. Site accessibility was important because some
areas were physically inaccessible and others were "off-limits" because they were within
the impact areas of the firing ranges. The field work was done in August and November
1977 and September 1978.

Phytosociological and terrain data were collected at 294 sample sites dispersed
throughout the study area among the various land cover and landform mapping units (figures
5, 6, and 7). Each sample site can be located by the six-digit grid coordinates of the 1:50,000
scale topographic sheets covering the study area and by the photo number of the 1:50,000
scale aerial photography (appendix A). The field data and site descriptions were used in the

19The 1:50,000 scale photography is U. S. Air Force AF69-35, October 1969, and AF7I-10, November 1971, and the
- 1:100,000 scale photography was obtained from Mark Hurd Aerial Surveys, 29 November 1974.
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laboratory to refine the landform and land cover unit boundaries identified from the aerial
L 4photographic analysis. Soil conditions within the study area were described from soil samples

collected from soil pits dug at 128 of the 294 sample sites. The depth of each soil pit
was approximately 60 cm (24 inches), except where caliche pan (a petrocalcic horizon)
or bedrock were encountered near the surface. Although most samples were taken from the
surface horizon, 0 to 15 cm (0 to 6 inches), some samples were taken from deeper soil
horizons that had textural or color differences. Samples were placed in plastic bags, labeled,
sealed, and transported to the laboratory for analysis.

After air drying, each soil sample was passed through a 2.0-mm soil sieve and the
percent of the total sample retained on the sieve was determined. A subsample of the material
passing through the 2.0-mm sieve was oven dried at 1050 C for 24 hours, then passed
through several standard 20-cm (8-inch) sieves with openings of 2.0 mnm, 1.0 mm, 0.5 mm,
0.25 mm, and pan. Sieved separates that were aggregates of smaller sized particles were
broken by using a mortar and rubber-tipped pestle. Difficulties in breaking up aggregate
particles of some samples passing the 0.25-mm sieve prevented further sieve separation.
The percentages of sand. silt, and clay in the sample were determined from another sub-
sample using the hydrometer technique.20 .2 1 The percentage of each fraction,>2.0 mm,
2.0 to 1.0 mm, 1.0 to 0.5 mm, 0.5 to 0.25 mm, 0.25 to 0.05 mm, 0.05 to 0.002 mm,
and less than 0.002 mm, was determined for each sample on an oven-dry basis. Soil textural
names were assigned to the soil samples according to U.S. Department of Agriculture
nomenclature. 2 2 Samples containing 20 percent or more of gravel-sized particles in the
whole sample were described as "gravelly," i.e. gravelly loam.

The soil samples were also analyzed for pH and total soluble salts (salinity). A sub-
sample of the air-dried soil samples passing through the sieve with 2.0 mm openings was
used for determining pH (1: 1 ratio of soil sample to water mixture) using a Beckman Instrm-
ments pH Meter, Model N, and electrical conductivity (1:2 ratio of soil sample to water

20C.A Black, (ed). Methods of Soil Analysis, Part 1, Physical and Mineralogical Properties including Statistics of Meas-
ureracnt and Sampling. Agronomy series No. 9. Amer. Soc.Agron., Inc., Madison, Wisconsin. 1965.

1 2G. Cox, Laboratory Manual of General Ecology. Dubuque, Iowa: William C. Brown Publishers, 1967.

2 2Soii Survey Staff. Soil Survev Manual. US Department of Agriculture Handbook 18. 1951.

27

-$



mixture) using a Lab l.ine Lectro MHO-Meter, Model MC-I, Mark IV. Soil salinity was
calculated from the electrical conductivity measurement by using the following equation:

Salinity (ppm) = E.C. umhos x 106 (at 250 C) x 0.64 (1)

where 0.64 is a conversion constant.2 3

Soil moisture retained in the soil at the 0.33 and 15 bar potentials was determined
using the pressure membrane technique. The percent water held in the soil at the 0.33 bar
and 15 bar potentials are those percentages approximating the percent soil water.held at
the field capacity (FC) and the wilting point (WP) conditions of the soil, respectively. 24

The FC and WP values described the upper and lower limits of water held in the
soil for plant uptake. The water content of the soil at FC is that retained in a soil against
gravitational forces two or three days after the soil has been saturated and after free drainage
has practically ceased. The WP is the accepted soil moisture content at which plants have
difficulty or stop withdrawing water from the soil and become permanently wilted. The
FC and WP soil moisture contents are expressed as a percent of the oven dry weight of the
soil sample, and provide a quantitative measure of the water-holding characteristics of a soil
at these pressure potentials. The difference between the FC and WP values is the plant
available water capacity of the soil, PAW. The plant available water of the soil is an approxi-
mation, usually expressed as a percent of the oven dry weight of the soil, of the potential
water that a soil could hold and that could be taken up by an actively growing plant.

Stepwise linear regression analysis was performed on tle soil textural and soil mois-
ture data to describe the relationships between (a) the percent sand (b) the percent clay
and (c) percent fines (silt plus clay) with the percent soil water retained at the 0.33 and 15
bar potentials.

23 L.A. Richards, (ed), Diagnosis and Improvement of Saline and Alkalai Soils. US Department of Agriculture, Washington,
DC, llandbook 60. 1954.
24M.B. Satterwhite, Evaluating Soil Moisture and Textural Relationships using Regression Analysis, US Army Engineer
Topographic Laboratories, Ft. Belvoir, VA, ETL-0226, June 1980.
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The study of landform as a separate pattern element was necessary because of the
stated objective of evaluating the relations between landforin, soil type, and vegetation.
The criteria for identifying and evaluating landform units on the 1:50,000 scale stereo-
scopically viewed aerial photography, in decreasing order of importance, were: the three-
dimensional characteristics of shape, size, slope, spacing, arrangement, and orientation:
the drainage-plan characteristics of pattern and density (spacing of drainageways); the
drainage-elevation characteristics of gully cross section, gully gradient (uniformity and
steepness), and degree of incision; and the amount of structural control exhibited in the

- drainageways. These characteristics were used for identifying the major landform categories
of (A) mountains/hills, (B) alluvial fans,(C) basins, and (D) washes; and the subunits within
these major categories. The pattern element of photo tone and texture helped isolate sub-
units within these major landform categories, excluding the washes. With respect to the
mountains/hills landform unit, the pattern elements of ridge crest characteristics, degree of
ruggedness, rock layering, rock dip, and rock type were also used to differentiate the sub-
units of this major category. The major categories and the subunits were identified on each
photomosaic and delineated on a clear acetate overlay, using a marking pen. This acetate
overlay became a permanent record of the landform units, and was used to describe the

landform conditions with the study area.

The percentage of the total study area occupied by each landform unit was determined
by sampling the landform overlay for each photomosaic. This entailed laying a grid template.
which had been divided into 2 x 2 cm segments, over each overlay. The land form unit
falling beneath the intersection of the grid lines was determined. Care was taken to ensure
that the overlap areas between the three photomasaics were sampled only once. A total of
6,033 sample points were taken in the 2.4 square meter photomosaics of the study area.

Identifying the land cover mapping units was based on differences in photo tones
and textures that were discernible on the 1:50,000 scale stereoscopically viewed aerial
photography. These discrete areas were identified on the photomosaics and mapped on an
acetate overlay for each mosaic, maintaining consistency in the land cover interpretation and
mapping throughout the study area. The minimum practical mapping unit size was 5
hectares (12 acres). Discrete areas identified on the photography but not satisfying the
minimum mapping unit size were included in the adjacent larger unit having the most similar
photo tone and texture.

If the assumption that the land cover mapping units are representative of discrete
plant communities is correct, it should be possible to recognize and describe these con-
munities using phytosociological techniques. Evaluating the phytosociological data collected

* at a number of sample sites in each land cover unit type would substantiate the validity of

29Ze.

___________ _________________



this assumption because a direct land cover unit-plant community relationship would be
depicted by a rather homogeneous species composition and species ground cover values
among the sample sites in a land cover unit. By locating each sample site of a plant com-
munity on the aerial photomosaic and noting the photo pattern of the site, the association
between photo pattern and plant community can be made. The evaluation of this relation-
ship between photo tone/texture (pattern) and phytosociological data would satisfy the
first objective of this study.

The species composition, species percent ground cover, and ancillary site data were
collected at 294 sample sites within the study area. Some replicate sites were located in
each land cover mapping unit type. These sites were dispersed throughout the study area so
the species diversity within the land cover type could be ascertained from the phytosocio-
logical data. The positioning of each sample site in the field was done to obtain a repre-
sentative sample of the plant community and conditions. Care was taken to avoid the dis-

-turbances associated with roads, water tanks, or other localized disturbance factors. Some
land cover units occurring over sizable areas were generally disturbed. In these units, samples
were taken at locations that were representative of the general nature of the land cover unit.
The large size of the study area, 6.0 x 105 hectares (1.5 by 106 acres), made a statistical

- field sampling of the landform or land cover units an impractical task for this study effort,
because of limited resources.

At each sample site, a 20-by 20-meter sample quadrant was positioned so that the

plant species composition and species percent ground cover within the quadrant appeared
representative of the plant community. Often two quadrants were close to each other in the
same mapping unit.

The ground cover class was estimated for each species found within the quadrant.
The species ground cover was the estimated sum of the vertical projections of the crowns
for all individuals of a species in the quadrant. Each crown was assumed to have 100 percent
canopy closure within the ground-crown intercept. The effects of crown porosity, leaf
shape, or leaf orientation upon the percent ground cover were not considered. A visual
percentage of bare ground was also made. The relative percent ground cover for each species
and the bare ground were assigned to one of seven ground cover classes:
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GROUND GROUND
COVER COVERI CLASS PERCENT COVER CLASS PERCENT COVER

+ Rare 3 26 to 50%
R Less than 1% 4 51 to 75%
I I to 5% 5 76 to 100%
2 6 to 25%

Other than the perennial grass species, herbaceous plant species were not used to
characterize land cover mapping units because of their short lifespan or low presence in the
study area. Annual herbaceous plants occasionally formed a dense ground cover in some
recently disturbed areas, but the cover lasted for only a short time. Perennial grass and
woody plants provided a better basis for community description because of their constant
presence and reoccurring nature. Although climatic variability can change plant vitality and
ground cover values, the occurrence of perennial species in a community does not vary as
greatly as the occurrence of the annual species.

The species composition and percent ground cover for the shrub and grass species for
the eastern portion of the Fort Bliss reservation (MacGregor Range), as presented by
Kenmatsu and Pigott,25 were included in this analysis. These data are the phytosociological
data presented for sites 119 through 129.

The nomenclature for plant species used is in accordance with Hitchcock26 for the
grass species and Correll and Johnson27 and Vines28 for all other vascular plants.

2 5R.D. Kenmatsu and J.D. Pigott, A Cultural Resourccs Inventory and Assessment of McGregor Guided Missile Range.
Otero County, New Mexico, Part Ill. Botanical and Geological Studies. Tex Archeological Survey Research Report No.
65:111, University of Texas. Austin, TX. 1977.
26 A.A. Hitchcock, Manual of the Grasses of the United States. 2nd edition (revised by Agnes Chase), US Department of
Agriculture Miscellaneous Publication No. 200. 1950.
2 7D.S. Correll and M.C. Johnston, Manual of the Vascular Plants of Texas Texas Research Foundation, Renner. Texas,1970. p 1881.

2 8R.A. Vines, Trees, Shrubs and Woody Vines of the Southwest. Austin, TX: University of Texas Press. 1%0. p 1104.
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The Tabular Comparison Method was used to arrange and group the phytosociological

data and to assist in identifying the plant communities. This procedure is described by
Mueller-Dombois and Ellenber-2 9 and by Kuchler. 30 The phytosociological data was ana-
lyzed, in part, using the "Phyto 69" computer program developed by Leith and Moore. 3 1

The computer technique essentially performs the same operations that could be accomplished
clerically with the Tabular Comparison Method, except that by using Lin's algorithm, the

clustering or grouping of data process has been automated. 3 2

The frequency boundary limits required in the automated clustering of the phytoso-
cioloical data were 10 and 75 percent. These limits remove those plant species occurring
with a frequency less than 10 percent or greater than 75 percent from the total sample
for clustering of the sample data and the sample sites because the rare or ubiquitous plant
species aid very little in the discrimination between the plant communities. By temporarily
removing these species from the total sample (during the evaluation and clustering of phyto-
sociological data), critical species characterizing discrete plant communities can be readily
identified.

= Descriptions of the plant communities were based on the species physiognomic char-
acter, species composition, and species percent ground cover. The following procedures
were used to recognize the plant communities from the clustered phytosociological data

-and to assign botanical names to the plant communities:

1. Determine the species and the species ground cover class in the quadrants.

2. Assign each species to a physiognomic class: (a) tree, (b) shrub, (c)
grass, or (d) other herbaceous plants, with the tree class given the largest significance value

= and the other herbaceous plant group the smallest.

2 9 D. Mueler-Dombois and H. Ellenberg, Aims and 'Iethods of Vegetation Ecology. New York: John Wiley and Sons, Inc.,

197S. p 547.

30 A.W. Kuchler, Vegetation Mapping. New York: Ronald Press Co. 1967.

3111. ieth and G.W. Moore. "Computerized Clustering of Species in Phytosociological Tables and its Utiliration for Field
Work." In Spatial Patterns and Statistical Distributions by G.P. Patil, E.C. Piclou, and W.E. Waters (eds). University Park,
PA: The Pennsylvania State University Press, 1971.403-422.
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3. Identify the physiognomic character of each quadrant by summing the
ground cover class values for all species grouped in a physiognomic class. The physiognomic
class with the largest ground cover for the quadrant defines the physiognoinic character

___ of the quadrant as forestland, shrubland, grassland, or other.

Forestland: tree species totaling more than 25 percent of the ground cover.

Shrubland: (1) shrub species totaling 6 to 25 percent or more of the
ground cover, with grass species forming less than 25 percent
round cover and less than 1 percent tree ground covcr: or

(2) shrub species totaling I to 5 percent ground cover with
grass species forming less than 6 percent ground cover, and
trees absent.

Grassland: (1) grasses totaling more than 25 percent ground cover.
with shrub species forning less than 6 percent ground cover
and trees less than 1 percent cover: or (2) grasses totaling
more than 51 percent ground cover, with shrub species forming
less than 26 percent ground cover and trees less than 1 percent

ground cover.
Other: (1) bare ground areas with more than 75 percent exposed

ground surface and the total vegetative cover less than 25
percent with no species forming more than 1 percent ground
cover; (2) urban and built-up areas and water bodies: those
areas where man's activities have drastically altered or elin-
inated vegetation cover, i.e. military cantonments, civilian
housing and business areas, built-up military facilities, and
constructed firing positions for military weapons.

4. Arrange the species in the physiognomic group by the ground cover class
from large to small.

5. Identify the species with the largest ground cover class in the quadrart.
The species with the largest ground cover class formed the primary name for the land cover
unit. The species having the second largest ground cover class value is listed seco,!d. If two
species occurred with equal ground cover class values, the shrub with the lowest numbered
mapping symbol is used as the primary name in the land cover unit name.

Specific relationships between plant communities and the photo tones and textures I-

were identified by correlating the photo tones and textures and the species composition
and ground cover values for the clustered quadrant data. Because of the association between
the tones and textures, the plant communities could be mapped throughout the study
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area. Some plant communities may have been grouped with other mapping units because

their photo tones and textures were not sufficiently discrete or because at a specific location
the plant community did not satisfy the minimum mapping unit size of 5 hectares.

Twenty-seven land cover mapping units were identified, for which an average ground
cover class and the absolute and relative frequency for each plant species was determined.

The following parameters were used:

Qt - the total number of quadrants examined for a given land cover unit.

Q - the number of quadrants in which a species was found in a given land
cover mapping unit.

Sum Q - the sum of all quadrants for all species found in a given land cover
mapping unit.

Absolute frequency (QIQt times 100 percent) - the percentage of the quad-
rants occupied by a given species as a percent of the total number of quadrants
for a given land cover unit. The absolute frequency of a plant species in a parti-
cular plant community was described as rare, less than 20 percent: infrequent,
21 to 40 percent; less frequent, 41 to 60 percent: frequent, 61 to 80 per-
cent; and common, more than 80 percent. F

Relative frequency (Q/Sum Q times 100 percent) - the number of quadrants
in which a species was found as a percentage of the total of the quadrants for
all species found in a given land cover unit.

Species average ground cover class - a categorical ground cover class assigned
to each species based upon the average species ground cover class values for all
quadrants assigned to a given land cover unit.

The grid point sampling procedure discussed previously was used to determine the
percentages of the various land cover mapping units in the study area. Coefficients of sim-
ilarity were calculated between each of the plant communities using the relative frequencies
of each species in a plant community. Coefficients of similarity represent the similarity
between two plant communities based on their respective species composition and the re-
lative frequency of each species. The coefficients of similarity were calculated by the fol-
lowing equation: = 2W/(A+B) (2)

where W equals the sum of the smallest relative frequency percentage for a species found
in Community A and Community B, and where A and B equal the sum of the relative
frequency percentages for all plant species found in Community A and Community B,
respectively.
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r RESULTS

SOIL ANALYSIS. The importance of soil conditions to the distribution of plant com-
munities and plant species cannot be overstated. Soil pH, salinity, texture, and soil-water
characteristics are important factors that affect the growth and distribution of plant species.
Each of these soil parameters was determined in the laboratory for 128 of the sample sites
(appendix 2). Other data, describing soil depth, parent material, and the petrocalcic horizon,
were collected in the field at each of the 294 sample sites.

Soil pH. Soil pH in the study area ranged from 7.4 to 8.7. Sands, loams,
and clay soils all had pH values within this range. There was no apparent relationship
between the soil pH value and the soil texture of the soil samples in this study.

Salinity. Soil salinity, determined on the saturated extract, ranged from 17
to 340 ppm (parts per million) total soluble salts, and showed a relationship with the soil
texture. Soils containing greater than 70 percent sand had the lowest range of salinities,
ranging from 17 to 180 ppm; loam soils ranged from 46 to 224 ppm; and soils con-
taining greater than 30 percent clay had the highest range, 85 to 340 ppm. These sa-
linities were not great enough to effect plant distribution because they were substantially
less than the level (1280 ppm total soluble salts) that begins to effect lant growth.3 3

Particle Size Analysis. The soils in the study area were highly variable in their 1
textural composition, ranging from almost 85 percent clay to 90 percent sand. Most
soils, however, were either loamy, clayey, or sandy in texture. The textural classes of the =

128 surficial soil samples were either: gravelly clay, clay, loam, sandy clay loam, loamy
sand, gravelly loam, gravelly silt loam, silty clay, or sandy loam. The percent gravel in the
128 surface soil samples ranged from 0 to 38 percent: the percent sand from 0 to 90
percent. the percent silt from 40 to 48 percent; and the percent clay from 0 to 85 per-
cent. Data describing the particle size distribution amone the six varticle size classes for each
sample are presented in appendix B, together with the soil textural classification.

3 3 L.A. Richards (2d). Diagnosis and Improrement of Salne and Alkalai Soilt US Dciartment of Agriculture. Washington.
DC, Handbook 60,1954.
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Soils containing more than 60 percent sand did not contain more than 3
percent gravel. The sands, loamy sands, and sandy loams contained less than 3 percent
gravel-lized particles, loosely cemented by carbonates, and wtre easily broken apart with a
rubbe-tipped pestle. Substantial amounts of gravel (> 20 percent) were often found in soils

F high in percent silt and clay. Soils containing more than 20 percent gravel were all of the
loam, silt loam, and silty clay loam textured soils, and about half of the clay loam, sandy clay
loam, clay, and silty clay textured soils. Generally, soils obtained from the deeper portions
of the profile contained more gravel-sized particles than surface samples.

The soil textural data show an inverse relationship between the percent sand and
clay. Samples with a high sand content had a low percentage of clay and samples with a high
clay content contained a low percentage of sand (figure 8). The percent sand and percent
clay were determined for the portion of the sample passing through the 2.0 mm sieve.

The percent of the four soil separates, gravel, sand, silt, and clay, for each soil
sample is summarized by landform mapping unit in appendix C.

Soil Moisture Constants. The soil water retained by the 179 soil samples
ranged from 2 to 37 percent for the 0.33 bar potential, and from I to 23 percent
for the 15 bar potential.

The moisture retention characteristics of a soil are highly correlated with soil
textural characteristics. Soils holding the least amount of water at the 0.33 or 15 bar
potentials were those with a high percentage of sand. Plots of the percent soil moisture for
0.33 and 15 bar potentials against the percent sand in the soil samples show that the percent
sand and the soil water are inversely related (figure 9). The correlation coefficients (multiple
R values) for these relationships were 0.96 and 0.93. for the 0.33 and 15 bar poterials,
respectively, which were determined by stepwise multiple regession analysis. 34

34J.Dixon. "'BMD: Biomedial Computer Proprts." Univ. of Cal Fo pAz in Autonaic Co.putatior .. 21. Univ.of Call.

fonia Press. Berkeley, 1971.
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The soil moisture for the 0.33 and 15 bar pctentials were highiy and directly
correlated with the percent clay in the soil (figure 10). The correlation coefficients (multiple
R values) for the relationships between the percent clay and the percent soil water held
at the 0.33 and 15 bar potentials were 0.83 and 0.90, respectively. As the percent clay
increased between the soil samples, a proportional increase in the soil water held at The
0.33 and 15 bar potentials was observed. Thiis relafionsEhip wvaf. consistent for samples

having less than 62 percent clay. Samples with more than 62 percent clay did Pei hold
a proportionately higher amount of soil water at the 15 bar potential (figure 10.)

The 14 samples containing 62 percent or more clay were obtained from the
soils developing on shale beds and alluvium on the interbedded limestones and shales and
contained partially weathered shale fragments that ranged from medium sand to fine gravel
in size.

The amount of water held in these samples was similar to amounts determined
for samples containing less clay. An explanation for this situation might be related to the
differences in the soil pore space for samples of different textural composition. In sandy
soils, the pore space is relatively large and the forces holding the available water are relatively
weak. As the pressures are applied to a saturated soil, these large pores are readily emptied
of water, with only a small amount of absorbed water on the soil particles. In clay soils,
the pore sizes are smaller, more uniformly distributed, and tend to absorb greater amounts
of water. At any gradually increasing soil water potential, these soils will gradually decrease in
water content. The clay soils will retain more water at the higher potentials than will the
sandy-textured soils at the same potential.

Soils holding the least amount of water at either the 0.33 or 15 bar potentials
were those with a high percentage of sand. The soils holding the largest amount of water
had a high percentage of clays or fines. The relationships for the sand, clay, and fines in the
water retained at the 0.33 and 15 bar potentials are shown in figures 9, 10, and 11,
respectively. The regression curves were generated from the stepwise regression analysis of
soil texture and soil water data for 179 soil samples. Regression curves were also generated
from data fnr 165 of the 179 soil samples that did not contain weathered shale particles.
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Stepwise multiple regression analysis showed a strong and direct relationship
between the percent soil water held at the 0.33 bar (FC) and the 15 bar (WP) potentials
with the percent sand plus the percent clay in the soil samples. The regression equations
expressing these relationships were

FC = 32.9 - (0.33 x percent sand) + (0.05 x percent clay) (3)

WP = 11.2 - (9.12 x percent sand) + (0.09 x percent clay) (4)

The correlation coefficients (multiple R values) were 0.96 and 0.93, respectively.

The percent water retained at the 0.33 and 15 bar potentials were also
strongly and directly correlated with the percent fines (silt plus clay) in the soil sample
(figure 7). Regression equations developed for these relationships were

FC = -0.42 + (0.30 x percent fines) (5)

WP = -0.32 + (0.17 x percent fines) (6)

The correlation coefficients (multiple R values) were 0.96 and 0.92, respectively. 35

3 5M.B. Sattcrwhite, Esaluation Soil Moisture and Textural Relationships using Regression Analysis, US Army Engineer
Topographic Laboratories, Ft. Belvoir. VA, ETL-0226, June 1980.
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LANDFORMS. Four major landform categories were identified in the study area from
the stereoscopically viewed aerial photography. They are mountains/hills (A), alluvial fans
(B), basin areas (C), and washes (D). The spatial arrangement of the major iandform units
and their subunits are shown in figures 12, 13, and 14. Each of the major landform cat-
egories, except the wash category, was further subdivided into discrete landforn subunits.
The relative percentage of the study area occupied by each landform subunit is presented in
table 3, and the spatial relationships between the landform units are shown in figure 15.

TABLE 3. Landformn Units and Their Percentages in the Study Area

Map Percent
Major Landform Unit Symbol Landform Subunit of Study Area

F

Mountains/Hills Al Mesa 15.8
A2 Highly dissected hills 16.1
A3 Rugged, sharp-crested mountains 2.3

Alluvial Fans BI Primary high elevation fans 10.8
B2 Secondary high elevation fans 1.2
B3 Mottled, intermediate elevation fans 6.8
B4 Dark-toned, lowest elevation fans 3.6
B5 Fans covered with deep aeolian sand 3.5
B6 High elevation anomolous fans 0.7

Basin Areas Cl Light-toned, speckled sand dunes 30.2
C2 Dark-toned, rough-textured dunes 2.6
C3 Low, smooth areas 2.5
C4 Small, dark-toned depressions 1.5

Washes D 2.0
99.6
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I
The mountains/hills areas comprise 34 percent of the study area. They are the highest

in elevation, and the most rugged parts of the study area. Relief is generally high, and slope-
are often steep (> 70 percent). The drainageways are usually strongly incised, anu drainage
patterns in these areas are dendritic. A high degree of structural control is exhibited locally,
and the drainage density is generally high. Three subunits were identified in this landform
category: (1) large, flat-topped mesas (Al); (2) large, highly dissected rock masses that
include many relatively small, isolated rock bodies ,inselbergs) (A2), (3) large areas of
rugged, sharp-crested mountains, which also include some inselbergs (A3).

Alluvial fans comprise 27 percent of the study area. They are identified by their
distinctive fan shape, distributary drainage pattern, moderate slope (3 to 5 percent), and
topographic position between the rock masses and the low, flat basins (figure 15). Relief
and drainage characteristics on the alluvial fa'is vary according to the topographic position
and in the degree of fan development. Fans occur both individually and as broad aprons
(bajadas). The alluvial fans were subdivided into six discrete subunits, B I through B6
(table 3).

The basin areas occupy 37 percent of the study area and are the largest landform
units. They are flat, with little relief, and occupy the lowest elevations. Few drainageways
are apparent in these areas, although some channel-like depressions with gullies along their
sides were identified. The gentle regional slope of the basin areas in the north is to the north,
and in the south, is to the south; but the boundary between these two areas is very difficult
to discern on the aerial photography. The basin category was divided into four discrete
subunits, Cl through C4 (table 3).

Washes, comprising 2 percent of the study area, are the major stream channels up-
stream from where the drainage pattern becomes distributary or where the major channels
enter the B4 alluvial fans. Washes include the immediate overflow areas associated with
the channels. Distinct channels, defined by steep side walls, are sometimes observable on the
alluvial fans, but drainageways in these areas were usually identified by the contrasting very
dark and very light photo tones within them. Washes in the mountains/hills landform unit
have either U- or V-shaped cross sections; whereas, those in the a!luvial fan complex were
box-shaped cross sections with almost vertical side walls and flat bottoms.
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FIGURE 17. The Otero Mesa escarpment with the upper alluvial fans (B1) in the fore-
ground. The Otero Mesa slopes to the East (left) and the alluvial fans slope

~to the West. The plant community on !he alluvial fans is Larrea tridentata
(20). [

Highly dissected hills WA). The A2 landforms are linear in nature,.
trending roughly north-south. Prominent layering is apparent in the moderately to steeply

~dipping sedimentary rocks that form this landformn subunit (figure 18). Rock types are
limestone with some sandstone and shale. These landforms, comprising 16 percent of the !
study area, are usually lower in topographic position than A1I landforms, although in a few {
instances, A2 landforms are found on the Otero Mesa. The A2 landforms are distinguished

~from A!I landforms by their high degree of dissection and their steeper rock dip. Drainage
~density is high and drainageways are V-shaped. The drainage pattern is dendritic, but with
~some structural control. Relief is much greater than on At landforn subunits. The laige

rock masses in this landform subunit are often bounded by northeast-trending faults. In-Vi
selbe .gs, common in this subunit, are not always fault-bounded. The A2 landforms comprise i
most of the Hueco Mountain:s and the dissected hills below tile Otero Mesa escarpment in ,
the eastern part of the study area. They occur in the western part where they formn the i
northern and southern ends of the Franklin Mountains and the: southern end of tile Oqgan l

~Mountains (figure 18).
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FIGURE 18. Highly dissected hills Landform (A2) illustrated by this oblique aerial view
of the northern portion of the Franklin mountains (near Site 140). Lime-
stone beds are dipping about 300 to the west.

Two major rock sequences were recognized within this landform subunit
from field work: interbedded limestones and shales, and bedded limestones. Although
sandstone is distinctly present in some areas, it occurs with very low frequency. The lime-
stone sequences were not identified on the 1:50,000 scale and the 1:100,000 scale aerial
photography used in this study.

The sequence of interbedded limestones and shales is found mainly in
the rock masses and inselbergs in the eastern part of the study area, north of the Hueco
Mountains. The resistant limestones form steep slopes (> 45 percent) on the hillsides.
whereas gentle slopes occur on the less resistant shale beds. An excellent example of this
stair step pattern is near Broyle Tank, at sites 224 to 234, where the shale beds are accen-
tuated by a dense grass cover (figures 7 and 14).

Soils developed on the alluvium are silty loam, silty clay, and gravelly
silty clay loam. The soil depth is usually more than 30 cm, although soils depth is usually
less than 15 cm on the limestone beds. Residual soils developed on the shale layers of the
interbedded sequence are clay, clay loam, gravelly clay, or gravelly clay loam. Shale frag-
ments in these soils were 1.5 cm or less in diameter, and soil depth is mostly less than 30 cm.
Limestone bedrock formed the major portion of the surface in this areas, and in some places,
alluvial materials were found at the base of individual limestone beds.
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The bedded limestone unit, which probably contains varyig amounts
of dolomite, is more common throughout the study area than the interbedded sequence
of limestones and shales, The bedded limestones form most of the Hueco Mountains, and
the sedimentary portions of the Organ and Franklin Mountains. Both areas appear to be
heavily faulted. Soils on these limestones and dolomites are primarily gravelly oarns, with

gravels ranging from 2.5 to 5 cm in diameter. In many steep-sloped areas, fractured bed-

rock was exposed, i.e. sites 260, 263, and 264, and the upland areas at site 296 (figures 7
and 14). The soils on the hillsides are usually less than 15 cm deep. At the bases of the slopes.
soils forming in colluvium are deeper, ranging frcm 30 to 45 cm2i or more in depth.

Site 270, located on the bedded limestone unit, points out a frequent
soil/bedrock relationship that develops on escarpments and inselbergs adjacent to the basin

area in the eastern part of the study area. Sand removed from the basin was redeposited by
wind on these areas. On well-established sand deposits deeper than 30 cm, plant species

indicative of sandy soils rather than of limestone bedrock, such as Artemisia filifblia and
Sporobolus contract, as, were found.

Rugged, sharp-crested mountains (A3). This landform unit occurs as

mountain ranges and occasionally as isolated blocks within other landform units. This land-

form unit is composed of igneous rocks, mainly andesite, rhyolite, and various granitic rock

types. In some areas, the granitic rocks might be metamorphosed (figure 19). The landform

is most common in the western part of the study area, where it forms large, continuous rock

masses in the central part of the Franklin Mountains and most of the Organ Mountains.

This landform also occurs as isolated mountainous bodies within the eastern mountainous
area, such as Red Hill and Cerro Alto. The Jarilla Mountains also belong to the A3 landforni

unit. The. crests of these igneous blocks and ranges are rough and jagged because of pro-

minent jointing. The A3 landforms are distinguished from the A2 landforms by the lack

of a linear trer.d, prominent layering, and their slightly darker photo tone. Relief is greater

here than in the other landform units. Drainage density is sparse to moderate, as is the degree
of drainageway incision. Drainageways are generally V-shaped, and the drainage pattern
is dendritic. Frequently, the A3 '-ndform units are simple intrusions that have been exposed

by prolonged weathering. Some ha, attained their present position by faulting.

Soils on A3 landforms are rocky and very shallow, less than 15 cm

(figure 19). Residual soils were usually loamy gravels and sands, and on colluvial slopes,

loamy gravels. Vegetation is confined to the rock fractures, to the shallow loamy, rocky soils

less than 15 cm in depth, or to the loamy soils 15 to 20 cm deep, such as at sites 261
(Red Hill) and 258 (Cerro Alto).
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FIGURE 19. Granite outcrop in Fusselman Canyon in the Franklin Mountains (A3).
The rounded, shape of the outcrop and the rocks that compose it appear
as rough, sharp crests in the aerial photography.

Alluvial Fans.
Primary high elevation fans (B1). This landform subunit includes the

high elevation, coarse-grained alluvial fans that are located immediately adjacent to rock
masses and are formed in association with primary streams. These fans are smooth textured
and have a light-to-medium photo tone. The surface drainage pattern is well developed and
moderately dense. Drainageways are incised, and most of the drainage originates within
the subunit. Relief is greater on these fans than on the other alluvial fan subunits. These
are also the most common fan units, forming approximately 11 percent of the study area.
On the western side of the study area, they form a large, continuous unit alon, the flanks
of the Franklin and Organ Mountains. Their distribution is more discontinuous on the eastern
side of the study area where they occur in two distinct locations, along the major boundary
between Al and A2 landform subunits and at lower elevations between A2 landform
subunits and the B3 and B4 alluvial fans (figures 12 and 14).
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iSoil textures on the BI alluvial tans were gravelly loam, gravelly clay
loam, gravelly silt loam, clay, gravelly clay, gravelly sand loam, sandy clay loam, and gravelly

sandy clay loam (figures 20 and 21). Soil depth ranged from 15 to 45 cm, although
shallower soils were found overlying the petrocalcic horizon. The percent gravel ranged from
10 to 40 percent in most of the soil samples.

Secondary high elevation fans (B2). The B2 alluvial fans occur pri-
manly at high elevations, are coarse grained like the BI fans, have moderate drainage den-
sity, and often occur adjacent to rock masses. Tile B2 fans occasionally occur below the
toes of B I fan units. They are of smaller areal extent, occur along secondary rather than
primary streams, occupy a lower topographic position than BI fans, and are darker in
photo tone than BI fans. Most of the drainage on the B2 fan units is through flowing
-ather than originating within the fan. Drainageway incision is light to moderate, and relief
is much less than on B I fan units. The B2 fans comprise only 1 percent of the study area.
They are loLated primarily on the eastern side of the study area in the dissected hills north
of the Hueco Mountains, between the two sets of BI fans (figure 14). No soil samples
were collected in this landform subunit; however, the soil texture and depth should be
similar to those conditions described for the B I fans.

- z~ 'x-.r
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FIGURE 20. Upper alluvial fan (BI) near Lake Tank (Site 4). Cobble-sized rocks occur
on the fan surface. The plant community is Acacia constricta - Larrea
tridentata (31) with Yucca baccata.
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FIGURE 21 . Vertical section of a B I fain in Pendejo wash (Site 248). 1 lori,.ons 0! coarse
gravel (a) alternate with layers of' finer textured materials (b) sands
and silts. Cobbles (c) and coarse gravels form the wash floor.
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Miottled, inltCFrme(iawI elevation fallis (113). The 133 ailluvial Clans occuir
at1 lower elevat ionls hasin11ward olf thle BIl andi BI- I'an subu)itnit s, begi n ning whe re thle d ra iiage
pat tern becomes (list ributary. TIhey ire relatively large Cans with low reclief*, but thiey fliin
only 7 percent of' the st udy area. The drainageways inl thtese f'ans are rarely incised, and
the driinage pat tern is strongly distributary, which makes identificationl of specif'ic Channels
alImost imiipossible. The 133 Cauns arc medium illi overall photo tone, but white and diark
grey patchies are Coimmon , giving them a mottled appearance. TexttAre is smloothI anad thfey
a re liner grai med than I13l and 132 f'ana an its ( figure 22).

Sa rface soils are mostly clay loam inl text are, witlII somec sandy loaml
anid loaiiiv sand soils. Sarficia! soils contained less than 1 0 percent gravel. The percenlt
gravel increases belOW thle su~rface horizon and often comprises 10 to 30 percen t of' the
Samle at depthi. Soil depth is more than 30 cm and o ften is greater than 100 cm to a p't ro-
ca Icic ho()rizon or bed rock.

FIGURE 22. Lower alluvial f'an (133) consisting of' fine sand, silt, and clay surficial
materials with some gravels (Site 4 1). Thle plant community is Larrea
iridenihtt -- AhIuldenlhergia I'orteri (21).
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lDark-tonied, lowest elevatIion fanis ( 134). These are the yoiUungest L'i

units in the study area and are probably underIgoingp develtloent A the present time. lhey
-ire located basinward of' the areas of' continuou0s rock outcrop like thle B33 fan s. bu:t can
ex tend up drainageways fbr a short distanlce. Thiese f'ans are flue grained like thle 133 1i us.
but occu py a lower topograplhic position. The 134 fins formi broad a prons that trend northI-
soultht adjacent "o thle basinls. Relic I' is not usually apparent onl these f'a ns and d ra i nageways
aire very shiallow and ill-defined (figure 23). Sonmc of thle (Irainageways can have alm nost
vertical walls, 2 to 4 meters in height, ini their uipper reaches, where thIiey comne on to
these Can units (figure 24). The distributary drainage patternl is t~aint ly observable oni lie

1 50,000 scale photography. The B34 fanls arc best identified by tfiei r dark photo tonle.
Which is cauIsed by deiise vegetation. These f'ans comprise approximately 4 perceiit of' lie
study area.

Soils of' 134 fanl subunits reflect the transition between tile sand diilie
soils of' the basin areas and the finel-teXtured soils derived from the sedimentary rock. Sur-
ficial soils are clay, gravelly clay, gravelly clay loam, clay loani, silty clay, and sandy clay
loam. Soil depth is 30 to 60 cm or more (figure 24). Precipitated carbonates or a petro-
calcic horizon May occur in some areas at a depth of* 30 cm.

FIGURE 23. Low alluvial fanl (134) consisting of' f'ine-grained materials: silts, clay, and
fine sands. Thie plant comnmu nit y is hloure'nsia cerima -- Sch'cropogon
/JP('iilitis (41I). Thec Otero Mesa escarpment is seen in thle background.
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FIGURE 24. Vertical section (4NM) of' the B~4 alluIVial fan in Pipeline Canlyonl near Site
298. The upper two meters of' thle profile (a) is slilts and clav and thle
lower portion (b) is loamy gravel. Thie wash surf'ace is composed of* cobble-
and gravel-size particles.
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Fans covered with deep aeolian sand (135). This landforn unit may
be any of the other alluvial fan units or a combination of fan units that have been covered
with aeolian sand. The sand cover is of indeterminate depth, but it is sufficient to mask the
fan characteristics necessary to identify a particular fan unit. These areas are identifiable
as alluvial fans because of their fan shape. their topographic position, and their moderate
slope (I to 5 percent) (figure 25). They are light in photo tone because of their sand
cover and are sometimes speckled owing to the presence of shrub vegetative cover. They
can be differentiated from the basin landform units by breaks in slope and elongate, slightly
darker toned areas at their bases. Little or no drainage can be seen, and little local relief is
found on these fan subunits. They form nearly 4 percent of the study area and are more
common on the eastern side of the basin areas, particularly on the western slopes of the
Jarilla Mountains.

The B5 soils are sandy clay loam and loamy sand. For the most part.
these soils are aeolian and are independent of the underlying material in composition and
texture. Soil depth ranged from 30 to 45 cm or more. The presence of mesquite shrubs
on small dunes (I meter tall) indicate that the alluvial fans have been sand covered fbr
some time.

FIGURE 25. Alluvial fans (135) covered with acolian sands (Site 69). The shrubs are
Prosopis glanduiosa (a) and Xaithiot'ephaluin Sarotlirae (b).
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High elevation, anomolous fans (B6). The B6 alluvial fans are located
on the Otero Mesa, near the boundary between the mesa and the Sacramento Mountains.
They have characterisitics in common with other fan units, and at the same time, are unlike
any alluvial fans in the study area. The B6 fans occur at high elevations immediately ad-
jacent to rock outcrops like the B 1 and B2 faihs; and like the B2 fans, they are secondary
rather than primary fans. They appear fine textured in the aerial photography, and have
gentle slopes (less than 1 percent) like the B4 fans. Inc:sed and distributary drainageways
occur side by side on the B6 fans, rather than the distributary drainage occurring down-
stream from moderately incised drainageways that is the situation on the other alluvial fans.
Little headward erosion is evident in association with the incised drainageways. The soil
textures in this fan subunit are gravelly loam and gravelly clay loam. Soil depth is more than
45 cm either to bedrock or to the petrocalcic horizon.

The B6 fans might be relatively young, slow-growing alluvial fans re-
sulting from differential movement along the east-west fault(s) separating the Sacramento
Mountains from the Otero Mesa. This fault could be a hinge tault, along which movement
occurs only as a result of rapid movement on the major north-south trending faults between
the Otero Mesa End the basin areas. The Sacramento Mountain/Otero Mesa boundary fault
could also be independent of the faults between the Otero Mesa and the basin areas, tilting
the Otero Mesa to the south. The B6 fans suggest active movement along the Sacramento
Mountains/Otero Mesa boundary fault, but because these fans appear quite young, any move-
ment on this fault is slow in comparison to that along the Otero Mesa/basin boundary faults.
Regardless of the tectonic impetus for the B6 fans, They are unique in their appearance and
occurrence at high elevations on the Otero Mesa.

Basin Areas.
Light-toned. speckled sand dunes (Cl). This landform unit occupies

most of the Hueco Bolson and the Tularosa Basin and comprises 30 percent of the study
area. Local relief is very low, but it is sufficient to identify the many small sand dunes that
are the characteristic feature of this landform subunit (figures 26 and 27). CI landforms
are light in photo tone, yet have an overall speckled appearance. The tiny dark spots are
caused by the shrub vegetation growing on the dunes. There is a little visible drainage.
The landform unit extends from the northern to the southern end of the study area and is
bordered by alluvial fans coming from the mountainous areas on the east and west.
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Soils in the Cl landform unit are sandy loam, loamy sand. sandy clay
ME loam, sandy clay, and silty clay loam. Gravel-sized particles are usually fragments of caliche
R- formed bv the cementation of smaller sized soil particles. Gravels comprise less than 3

L ftpercent of the soil sample. The caliche particles observed on the soil surface in the interdunal
areas are probably lag gravels, but some may have been brought to the surface by burrowing

Sam animals or insects. Figure 28 illustrates a profile on the basin/dunal area, showing the various

Mhorizons and zones where carbonates have precipitated. Soil depth to the petrocalcic horizon
ranged from 45 to 75 cm, or more. Shallow soils (less than 15 cm) were found in the
deflation areas where sand has been removed almost to the depth of the petrocalcic horizon.
in such areas as sites 54 and 55 (figure 7).

Most soils are sandy loam or loamy sand in texture. The small dunes are
-comprised mostly of sand (75 percent or more) and less than 20 percent clay-size particles.

There is an increase in the percent silt plus clay fraction in the deflation areas and in some
of the larger sand dunes. There appeared to be a possible relationship between the height of
the dunes and the percent "fines," but verification of such a relationship would require

= further investigation. Few soils were found that contained more than 20 percent clay.

Dark-toned, rough-textured sand dunes (C2). Landform C2, comprising
nearly 3 percent of the study area, forms a northeast-trending linear pattern adjacent to
alluvial fans on the east side of the basins, particularly between the fans paralleling the
dissected hills on the east and the Jarilla Mountains on the west. and at several locations on
the western side of the study area. This landform subunit is composed of deep sands and
sand dunes in which blowouts were often formed (figures 29 and 30). In comparison with
the Cl sand dunes viewed on the aerial photography, the dunes of landform C2 are darker
in overall photo tone, rougher in texture, and do not have the overall speckled appearance
of Cl dunes. The overall darker tone of the C2 dunes is related to increased grass cover,
and the rough appearance is caused by the small blowouts that are now covered by grasses
and shrubs. Some drainageways enter the C2 unit from the surrounding alluvial fans, but
they either dissipate rapidly or terminate in the low areas, or playas.

Soils in C2 landform units are loamy sands and sandy loams without
gravel-sized particles. The percent sand in these soils is greater than 75 percent. Soil depth
is greater than 100 cm. Soil pits dug within the landform subunit did not show evidence
of a petrocalcic horizon or carbonate precipitation. Pea-size gravels of caliche are found on
the surface; although they are probably lag gravels, some may have been brought to the sur-
face by burrowing animals or insects.
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FIGURE 29. Deep sands and large sand dunes near Wilde Tank (Landform (2) (Site 30).
Dunes are covered by Ariemisia filifolla, Dalea scopania, and Yurca
elata.

FIGURE 30. Vertical section of a road cut in the dune area of landfornn C2. Soils are
silt and fine sand with caliclie particles. The gravels in the foreground are
from the road bed. The plant community is A rimisia fififofia - Sporobolas
cryptandrus (60).
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In some disturbed areas, soil depth was sufficient to form large sand blow-
outs (sites 28, 29, 244, and 245, figure 7). The bowouts varied in size, with the largest
ones being 5 to IC meters in diameter and 2 to 3 meters deep. The lighter photo tone
associated with these sites is indicative of sparse vegetative cover. Darker tones were in-
dicative of less disturbed areas with greater grass/shrub ground cover. The blowouts in the
darker toned, more densely vegetated areas are smail in size, mostly 2 to 3 meters in
diameter and I to 1.5 meters deep.

Low smooth areas (C3). Landform unit C3 is composed of irregularly
shaped, low lying, smooth areas with virtually no relief. At the photo scale 1:50,000, no
dunes are recognizable and drainage cannot be discerned. The tone is slightly darker than
in the Cl or C2 landform subunits. This landform, comprising 2.5 percent of the study
area, occurs primarily as an east-west tr,;nding band across the southern part of the Hueco
Bolson. A secondary occurrence was found between the alluvial fans on the eastern slopes
of the Jarlla Mountains and parallel to the eastern mountain ranges. No soil samples were
collected in landform unit C3 (figure 14).

Small, dark-toned depressions (C4). This landform subunit is composed
of small, dark-toned .depressions located primarily on the western side of the basin areas,
and forms nearly 2 percent of the study area (figure 31). Photo tone is often mottled.
and many of the depressions have light-toned rings around their edges. The dep'ession shape
was variable, ranging from round to channel-like or kidney-shaped depressions. Small drainage
channels are sometimes visible running into them, and several of the depressions contain
playa lakes.

Soils in landform unit C4 are sandy loam, loamy sand, sandy clay loam,
and clay. Gravel-siued particles usually composed less than 5 percent of the saimples: how-
ever, some samples contained 8 perent gravel. Soil depth is greater than 60 cm at most
sample sites. Precipitated carbonates were identified in the profile, although a definite
cemented horizon had not developed in the 60-cm soil profile.
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FIGURE 31. Small playa lake in the Tularosa Basin (C4). The playa is the large dark
toned area outlined in the photo. The dark tone is caused by an increased
grass cover resulting from the favorable moisture conditions in the depres-

sion. The grasses are Hilaria mutica, Scleropogon brevifolius, and Muhlen-
bergia spp.

Washes. Two types of drainageways occur within the study area; I1) washes

or V-, U-, or box-shaped gullys that are easily recognized on the aerial photography by their

incisement and location in the mountains/hills and upper alluvial fan landforms, and (2)

streamlets in the distributary drainage pattern areas of the lower alluvial fans. The washes
delineated on figures 12, 13, and 14 are of the first type. They generally extend only

to the boundary between the uplands and the heads of the lower alluvial fans (B3 and
B4), but some enter the fan complex, extending into them for a short distance. Several
washes extend through the fan complex, such as the one in Pipeline Canyon, near site 298
(figure 7).
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The streamlets in the distributary parts of the drainage pattern on the alluvial
fans are very difficult to identify, both on the aerial photography and in the field bccause
of their small size. However, streamlets on the B4 fans were easily identified in the field
l-ecause they are covered with patches of dense grass that alternate with bare ground. Once
the ground pattern was associated with the photo pattern alternating patches of dark photo
tone (grass) and light photo tone (bare ground), the photo identification was much easiel.
Although washes could be identified, the individual streamlets could not be. These drainlets

are generally less than 15 cm deep and are 1 to 5 meters wide.

Streamlets on the B3 fans were difficult to identify. They are about 0.3
meters deep and 1 met,-: wide. In the field they can sometimes be distinguished from the

surrounding fan surfaces because they have a more extensive cover of gravel. Their courses
are often marked by mesquite (Prosopis glandulosa) shrubs that contrast in color with
the creosote (Larrea tridentata) on the fan surface. However, these features were not seen
on the i :50,000 scale aerial photography.

The texture of the surficial material in the washes changed, depending upon
the portion of the wash considered. In the upper reaches, the surficlal materials are cobbles
and coarse gravels with some boulder-sized material. Figures 21 and 24 show these course-
textured materials. Vegetation in the upper reaches is confined to the borders of the channel
or to areas of higher elevation within the channel. The vegetation cover is composed pri-
marily of shrub species with some grass species. In some upper reaches, the drainageways
were filled with fine sand, silt, and clay-size material. The fine-textured soils are covered with
a dense cover of Sporobolus giganteus. Field observations showed these drainageways were
impassable to vehicle traffic because of the gulch type erosion that had dissected the surface
material. The gulches were often 1 meter deep and 1 to 4 meters wide.

I. the lower and middle reaches of the washes, the surficial materials consisted
of sand, silt, and clay-size particles, with little or no gravel. The surficial soils are clay, clay
loam, silty clay, or clay. At site 271, the 4-meter profile exposed in the drainageway is
fine sandy clay loam throughout, yet the wash bottom is covered with gravels 2.5 cm or
smaller in diameter. Vegetation in these parts of the washes is primarily grasses.

The Feneral relationships between landform and soil texture and soil depth are
summarized by landform subunit in table 4. More detailed information on landform and
soil relationships is presented in appendix C.
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El
TABLE 4. Landform, Soil texture and Soil Depth Relationships.

Landform Soil Texture Soil Depth

Al clay loam With gravel up to 45 cm where the
slope is less than 3%; up
to 30 cm on steeper slopes

exposed bedrock

A2 colluvial on shale; silty loam, usually more than 30 cm,
silty clay, gravelly silty clay but sometimes less than

15 cm

residual on shale: clay, clay less than 30 cm
loam, graveliy clay, gravelly
clay loam

on bedded limestones: gravelly usually less than 15 cm,
loam but up to 30 to 45 cm or

more

exposed bedrock

A3 residual: loamy gravel, sand less than 15 cm

colluvial: loamy grave! 15 to 20 cm

B 1 Gravelly loam, gravelly clay loam, 15 to 45 cm
gravelly silt loam, clay, gravelly
clay, gravelly sand loam, sandy
clay loam, gravelly sandy clay loam

B2 NO SOIL SAMPLES, but similar to
BI soil conditions.

B3 clay loam, sandy loam, loamy sand more than 30 cm, sometimes
more than 100 cm

B4 clay, gravelly clay, gravelly clay 30 to 60 cm or more
loam, clay loam, silty clay, sandy
clay loam
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TABLE 4. (Continued)

Landform Soil Texture Soil Depth

B5 sandy clay loam, loamy sand 30 to 45 cm o- more

B6 gravelly loam, gravelly clay loam more than 45 cm

Cl sandy loam, sandy clay loam, more than 75 cm on dunes,
sandy clay, silty clay loam can be less than 15 cm in in-

terdunal areas

C2 loamy sand, sandy loam more than 75 cm and some-
times more than 100 cm

C3 NO SOIL SAMPLES, but similar to
soil conditions of Cl.

C4 sandy loam, loamy sand, sandy more than 60 cm
clay loam, clay

D Upper reaches: gravel, cobbles.
boulders

Middle and lower reaches: clay,
clay loam, silty clay
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PLANT COMMUNITES. Sample sites were located in the different land cover units
that differed in their photo tones and textures. These differences were assumed to depict
discrete plant communities. Phytosociological data describing the plant communities of the
land cover units were collected in 294 sample quadrants (appendix D). Analysis of the
clustered phytosociological data using the "Phyto 69" computer program identified four
major land cover categories; grassland, shrubland, forestland, and other (table 5). The
first three major categories were subdivided into 22 plant associations by the physiognomic
character of the dominant plant species, the species composition, and the ground cover
class of each plant species. The terms "plant community" and "plvnt associations" are
used interchangeably in this report. The fourth land cover category, Other, and its three
subunits - urban and built-up areas, water bodies, and bare ground - are discussed only
in general terms because this category delineates nonvegetated areas.

The phytosociological data from the quadrants for each plant association were sum-
marized and the average cover class, absolute frequency, and the relative frequency of each
species in the plant community (land cover unit) were determined (appendix F). The
clustered phytosociological data and the plant association summaries formed the base from
which the dominant and the associate plant species characterizing a plant community were
determined. To validate these plant associations, one calculated similarity coefficients be-
tween the 22 plant communities. The similarity coefficients are numerical representations
of the similarity and dissimilarity in the species composition between two plant communities.
The similarity coefficients were determined by the following equation:

SC = 2W/(A + B) (7)

where W equals the sum of the smallest relative frequency percentage for a species found
in both community A and community B, and where A and B equal the sum of the
relative frequency percentages for all plant species found in community A and community
B, respectively. Large similarity coefficients, those approaching 1.0, would represent two
similar communities, and small coefficients, those approaching 0.0, would represent two
discrete communities. All similarity coefficients for the grassland. grass-shrubland, shrub-
grassland, and shrubland communities identified in this study are shown in table 6. The
similarity values ranged from 0.03 to 0.81.
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TABLE 5. Land Cover Miapping Units and Their Percentages of the Study Area.

Physiognomnic Group Percent Percent

Group of Area Land Cover Unit of Area

Grassland 37.4
Grassland (10) 21.1
Grass-Larrea tridetitata (11) 0.7

Grass-Fknirensia cernua (1 2) 1 .3
Grass-A codia constricta (13) < 0.1

Grass-Arrernisia filifolia (14) 0.7

Cirass-Prosopis glandulosa (15) 2.2

Grass-Partheniuin incanunt (16) 11.3

Shrubland 58.2
Larrea tridentata (20) 9,

Larrea tridlen rta-Grass (21) 4.6
Larrea tridetata-Grass-P-artitifl?

incanuin (22) 0.6
Larrea tridentata-Prosopis glan-

dulosa-Grass (23) 4.1

Larrea triden tata-Flourt ;?sia
cerntia-Grass (25) 2.4

Acacia consrricta-Grass (30)1.
A1 cacia constricta-Larrea triden-

ta-aGrms (31) 0.8
Flourensia cernua-Grass (40) < 0.1

Flourensia cernua-Larrea
trideiziota (4 1)2.

Prosapis glandulosa-A triplex canes-
cens- Xanthocephaluni Saroilhrae-
Grass (50) 27.5

Pro sopis glandulosa-Larrca ti-

deniora-Grass (51) 0.9
I'rosopis glandulosa-A rierisia
fihifolia-Grass (52) 0.7

Arteinisia fiiifiolio-Grass (60)2.
Artemisia tilifl4ia-Prosopis

glandulo.an-Grass (61) 0.7
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TABLE 5. Continued

Physiognomic Group Percent Percent
Group of Area Land Cover Unit of Area

Forestland 2.2
Juniperus monosperina-

Quercus undulata (70) 2.2

Other 2.3 Bare ground (90) 0.2

Wate: bodies (9 1) 0.1
Urban and built-up areas (92) 2.0

Total 100. 100.1

The plant communities in table 6 have been clustered to show association between
these communities. These data and the clustered phytosociological data (appendix E)
show that the grassland category (10) contained several grassland communities (10A,
10B, 10C, IOD) in which the species composition was sufficiently different so that se-
paration as distinct communities was warranted. This statistical evaluation of the floristic
data of each community shows that the clustered vegetation data were correctly grouped
into discrete plant communities. An analysis of the field-derived vegetation data and the
photo tones and textures shows that most plant communities were correlated with specific
photo tones and textures. It should be pointed out that establishing these relationships
required the refinement of the initial vegetation mapping efforts after data collection and
analysis and again after field verification of the vegetation map. The rcsults of this effort
showed that most plant communities can be mapped directly from the aerial photography.
once the relationships between the photo tones and textures and the plant community type
have been established. The Acacia constricta-Grass (30), Acacia constricta - Larrea
tridentata (31), and the Larrea tridentata (20) communities had photo tones and textures
that were too similar to be separated on the aerial photography. Their separation and map-
ping were based on ground truth data from known sites and their association with specific
landform conditions. Similarly, the differentiation between the grass communities, IOC
and lOE, and the grass and shrub communities, 10C, 12, and 40, on the lower alluvial
fan (B3 and B4) and the Wash (D) landform units was based on ground truth data and
landform conditions because no distinct photo patterns differentiating them were found
on this imagery.
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TABLE 6. Similarity Coefficients for Grassland and Shrubland Communities.

Plant Community Number

15 60 61 IOD 50 14 52 51 IOC 12 40 41 25 23 20 11 21

15 1.00

60 5 1.00

61 51 1.00

OD 559 1.00

50 .49 47 62 n64 1.00

14 .1(63 61 1.00
52 .44 86 (73 1.00

51 .39 .25 5 .42 .61 .00

1OC .17 .15 .10 .17 .17 .14 .12 .21 1.00
12 .07 .10 .03 .13 .13 .10 .10 .23 62 1.00

40 .25 .20 .18 .32 .32 .26 .27 .32 . 1.00

41 .34 .30 .39 .44 .39 .36 .47 65) .27 .48 .5 1.00

25 .24 .23 .23 .30 .31 .27 .26 .46 .39 57 1.00

4 .43 .29 .34 .37 (54 .63 1.00
23 .44 .30 .47 .44 63. .28 .30 .37 S 1.00

20 .26 .23 .37 .37 .37 .31 .41 ) 28 .30 .35 .49 U4

11 .47 .29 .21 .34 .30 .19 .19 .29 .35 .28 .36 .38 .49 .49 .43 1.00

21 .15 .19 .24 .28 .29 .25 .24 .48 .35 .36 .36 .42 6 5 1 1"'

22 .29 .25 .24 .37 .33 .26 .22 .43 .29 .28 .29 .40 5 C5

16 .27 .24 .20 .29 .26 .15 .19 .28 .32 .19 .28 .33 .42 .39 .37 5 .3t

13 .30 .28 .21 .33 .32 .19 .24 .26 .35 .21 .28 .27 .36 .39 .41 .4(

30 .25 .26 .22 .32 .28 .17 .23 .27 .37 .25 .34 .29 .45 .41 .44 .49. .41

31 .16 .23 .18 .23 .27 .15 .16 .30 .38 .40 .39 .41 G .47 .47 Qn '
OB .30 .24 .13 .26 .24 .13 .13 .20 .27 .17 .24 .25 .37 .33 .36 U -3:

1OA .43 .27 .19 .26 .28 .21 .17 .24 .35 .17 .32 .31 .33 .34 .31 3,

10 .45 .34 .45 .35 .30 .30 .42 .26 .43 .40 6 .46 .39 3
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ber

_ 20 11 21 22 16 13 30 31 lOB IOC 10

6 1.00

49 .43 1.00

65 6 5 1.00

62 .51.00*
39 37 5 .38 i~51.00

.39 .41 53 .40 46 5 1.00

41 .44 .49. .41 53 62 69 1.00

.47 .47 52 5 9 510
33 .36 57 .32 .47 67 .61 531.001

.34 .31 5 .34 .38 50 50 .42 .40 541.00

-4A6 .39 .6 .39 .1 5 ( 10
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The spatial distribution of the 25 land cover unit types within the study area is shown
in figures 32, 33, and 34. Statistics describing the areal extent of each land cover unit
were determined using the line intersection sampling method in which 6,033 points were
sampled on the three photo mosaics. The areal extent of each land cover unit is presented
in table 4. These data show that the shrub communities were the major physiognomic group
on 58 percent of the study area; grasslands, on 37 percent; forestland, on 2 percent;
and urban and built-up areas, on 2 percent. The two shrub species, Prosopis glandulosa
and Larrea tridentata, were the dominant shrub species. The communities dominated by
these two shrub species covered about 50 percent of the study area. The grassland com-
munities occurred over 37 percent of the study area and were dominated by Bottrelotta
eriopoda, B. curtipendula, B. gracilis, Sporobolus cryptandrus, and S. flexuosus. The
other shrub communities in the study area were dominated by Artemisia flifolia, 4 percent:
Flourensia cernua, 2 percent; or Acacia constricta. 2 percent.

Plant communities covering about 10 percent or more of the study area were Pro-
sopis glandulosa - Xanthocephalumn Sarothrae - Atriplex canescens - Grass (50), 27.5
percent; Grassland (10), 21.1 percent; Grass - Parthenium incanum (16), 11.3 percent:
and Larrea tridentata (20), 9.6 percent. Nine other plant communities covering from I
to 5 percent of the study area were Larrea tridentata - Grass (21), 4.6 percent; Larrea
tridentata - Prosopis glandulosa - Grass (23), 4.1 percent; Artnisia filifolia - Grass
(60), 2.8 percent; Larrea tridentata - Flourensia cernua - Grass (25), 2.4 percent:
Grass - Prosopis glandulosa (15), 2.2 percent; Juniperus inonosperma - Quercus un-
dulata (70), 2.2 percent; Flourensia cernua - Larrea tridentata (41), 2.2 percent; grass -

Flourensia cernua - Larrea tridentata (12), 1.3 percent; and Acacia consiricta - Grass
= (30), 1.2 percent. The remaining nine plant communities each occupied less than 1 percent

of the study area.

The 22 plant communities identified and mapped in the study area and the phyto-
sociological data for each sample site are summarized by plant community in appendix
F. A listing of the plant species found during this study as well as those reported by Ken-
matsu and Pigott 36 as occurring on the Ft. Bliss reservation and environs are presented in
appendix G.

3 6 R.D. Kcnmatsu and I.D. Pigott. A Cultural Resources Inventory and Assessment of McGregor Guided Missile Range.
Otero County. New Mexico. Part Ill. Botanical and Geological Studies. Tcx.Atchelogicil Survey Remcarch Report No.
65:111. University of Tcxas, Austin, TX.

75



RM

AA

'Wan

-~~ _ T

7r _____ :F,

A_ At V

V& A m~_

nrziJIA

76



i5 __ -

I__ u:*Y
F 

2Wdv-

T v_

_____-01 jk~ -1-

_ 4_

77



Tw -.

~ it

VN.

k.z ' =- -- rA

Oink

At-4- r'.

FIGURE34. U- nd CoeMpo
th Strie x nza

-~ ZZ

A7



Grasslands. Grasslands were widely distributed throughout tie study area,
occurring on most landform units and comprising about 37 percent of the land cover.
The major grassland communities were on the Otero Mesa, the butte near Campbell Tank,
the dissected hills of the Hueco Mountains, and along the Otero Mesa escarpment. Smaller
grasslands were found on the lower and flatter portions of the drainageways,on some allu-
vial fans, and in the Hueco Bolson and the Tularosa Basin (figures 32, 33, and 34). The
grasslands were mapped as a single land cover unit, although different grassland communities
were found on different soils and landform conditions. The summary data presented for the
grassland mapping unit (10) were divided into five grassland communities from analysis
of the phytosociological data (appendix E). The five discrete grassland communities found
in the study area are: (A) Bouteloua eriopoda - Bouteloua curtipendula. (B) Boutteloua
curtipendula - Bouteloita unifora, (C) Scleropogon bremijblius - Ililaria inutica, (D)
Sporobolus cryptandrus - Sporobolus flexuosits, and (E) Sporobolts giganteus. Each
of these grassland communities was not mapped because of the limited areal extemt of
each community, the inability to differentiate accurately between the communities on the
aerial photography, and the small scale of the aerial photography. Although the Boutelona
eriopoda - Boutelou:: curtipendula community could have been differentiated from the
Scleropogon breviJblius - Hilaria inutica community based on photo tone and texture
differences, the specific community identification was not possible from the photos without
the ground data and the associations developed between plant communities, specific ph.
tones and textures, sampling sites, and landform conditions.

Shrub species frequently occurred as scattered individuals in the grassland
communities; however, the shrub component in these communities had less than ! oercent
ground cover. When specific shrubs occurred with ground coveT of 1 to 5 percent, a
separate grass-shrub community was identified. The identification of both grass-shrub and
shrub-grass communities helped to avoid phenological disparities between the grass-shrub and
;hrub-grass community types becau,.e of the seasonal and/or annual climatic differences that
might have affected the quantitative phytosociological data and change the physiognonlic
emphasis for naming and describing a particular community.

Grassland (10). The grassland community (10) has a rather diverse
complement of grass and shrub species, some of which have narrow site requirements. The
soil textures in these communities were sandy loam, sandy clay loam, gravelly loam, gravelly
s"" loam, gi.velly clay loam, silty clay, rnd clay. Soil depth ranged from less than 15 cm
t)jiteater thaai 1 meter. These grass communities, identified in the fieli and from the
phytgso jlogical data, are discussed by specific grass community to describe accurately
t,ir associations with various soil and landform conditions.
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A. fiuuteloua c'rioipoda - B11'outel 'urti/n'Idula (I OA).
't~his plant community was found primarily on the Otero Mesa and

on theupper ala fans abutting the Otei Mesa escarpment where soil dlepths were great,.r
than ~ ~ t 3 cm ee(iurs3 an 35). Trhe (lominant grass species in this community

wats Boutoua ('riopoda. with B. att peidula and IB. giilhs as subdominant or associate
species Other in-ass species that were infreqluently present and had grouiid Cover NAUC 0lus'
j to 5 percent were lit/aia lutica, A11/IuIt'nlwgiqa arcna ca. 1..~ ueijolia, .Sporuboh,.
(.'ri-piandrus. S. flcxuuosus. and I ridens ')icus. In some drainageways on the Otero Mesa.
I. gracilus and iB irsutta were co-dominanit species. and ii. 11untca and 1,11h urnolui
weic associate species. Occasionamll~ I. mu uca and R. obnosum formed simi. dLn1sc singole
..pecies stands.

Shrub species were less fr-equently present (abs;olute frequency of'
40 o 6 prcet)and usuall h- run oes less than I percent. Th associate Shrubs

were Berherzs I ri/vioa ta. IEurot ja lanatu, Kra111ncria gIlandulosa, Lairca tridentaw.i'a P-
f/Ic? li incanumIII. I igafiera .VI(1lo/ba.(Vnteha/U')I~lm Sarot/irac. and 1'acua cla/1

Soil depth in this community was usually greater than 30 cm. Soil
textures can be clay, clay loamn, or sandyv cla v loam with less than 20 percent (giavel or
Vgravelly clay loam].

FIGURE 35. I,(;utl'mai cropoda B-Iouaw/oua curiipcml'i/a G;rasslaind (I10A\) on hle
Otero Mea(Land form A I ). Sites '85 and 286. Hie scattlered shrubs !.,c
Larrea frideniata ( L), Yucca c/ala (Y ). Opamia ,Ipp. (0). and Xantito-
c('p/alum~ Saroilhrac
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B. Bouteloua clurtipefldila BowIlo'uua unlora (1013).
The dominiant plant species inl this cornmnit\ were Buouicioua

(ltrtipL'ndula and 1'. unillura. Each species had ground cover v'alues rani-ng fromt 2o to
ME 50 percent (figure 36). B. criopoda '.sas infrequentIIIa associate species and, when present.

had ground cov~er ranging from I to 6 percent. Other assoCiate grass species frequent lN
present were AMuldenbL'rgia at enacca,. set ;ciutiu. and,, Spur*0ou. ai piandrus. Shrub
species were common in) this colnmunit\ , but the grounld co~ er values, foi thle shrubl species
\N ere less than 5 percent in most Instances Shrub pei occurring infrequenti\ were
Dissodtia~ accrois. Lph edra sp. . lu10111 s iucn n.SpZ'lhe. K ramth'h- Ahn idu loa, Larrea Iriden alu.

Thiis comimunitv was found priiariik along the Otero Mlesa escarp-
ment. onl inselbergs, the dissected hills. an1d thle tipperCI alluxial fans Where thle Soils Were

___shallow (less th;.11 15 cml In depth) to limestone bedrock or the petrocaicic Iiori/on Soilsj
im LlCdevelop)~ in l on uLonsolidated material or forming onl limestone parent inaterial \kerc gravellk

clay loams in, texture.

FIGURE 36. IBoutechua curtipendula - Iouteloua ,i,,Word Grassland (1013) at Owl
Tank D~raw (A2). The tree-z in the drainag~eway are Juinperus monosperma,
Quercusiindiilata,RIhus nicropli-11i, and lier/wris irifool .
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C. Scleropogon brevifolius - Hilaria mutica (10C).
Scleropogon brevifolius and Hilaria mutica were co-dominant grass

species, occurring frequently together. Both species frequently formed dense single species
stands (figure 37). Although the percent ground cover for these grasses ranged from 25
to 100 percent, the ground cover usually ranged from 25 to 50 percent. Panicum obtusun
was an infrequent associate grass species, with a ground cover ranging from 6 to 35 percent,
although at some sites the ground cover ranged from 50 to 75 percent. Within this grass
community, P. obtusutm occurred on the more moist sites, such as around catch basins.
cattle watering tanks, playas, and in the drainageways.

Shrubs were usually absent from this community, but when they did
occur, they accounted for up to 1 percent ground cover. The shrub species observed %-ere
Acacia constricta, Atriplex canescens, Flourensia cernua, Koeberlinia spinosa, Larrea
tridentata. Opuntia stm.. Parthenium incanun, Prosopis glandulosa, Rhus aromatica.
Xanthocephalum Sarothrae, and Yucca elata.

The Scleropogon brevifolius-Hilaria mutica community occurred on
the dissected hills, the drainageways, the alluvial fans, the washes, and the depressions in
the basin areas (figure 36). This community was confined primarily to the silty clay and
clay soils, where soil depth was more than 30 cm. The percent gravel in these soils was
usually less than 3 percent except for soils developed on the dissected hills, which could
contain 13 to 19 percent gravel. The community also occurred on some clay soils developed
on the interbedded limestones and shales that form the inselbergs and escarpments between
the Otero Mesa and Route 54 (figures 3 1 and 33). The clay soils contained 10 to 15
percent gravel (mostly as shale fragments), 70 percent clay, and 15 percent silt. In the
basin areas, the community occurred in the depression areas on clay and clay loam soils with
little or no gravel-size particles.
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FIGURE 37. Scleropogon brei'ifolius -Hilaria mutica Grassland (I OC) in a Playa
(Landform unit C4)I. Site 277.

D. Sporobolus cry'ptandrus -Sp~orobolus flextiosus (1 OD).
Sporobolus cryptandrus and S. flexuosus were the dominant plant

species in this community, comprising 6 to 25 percent ,round cover (figure 38). .
contractus was an occasional associate species, with ground cover less than 5 percent. Other
grass species rarely found in this community were Bouteloua curtipendula. B?. eriopoda.
Gidoris virgata. Setaria lnacrostaczya. and Tridens muticus. These species ha groundt
covers ranging from 6 to 25 percent.

Several shrub species with ground cover less than I percent were
infrequently present in the community. The associate shrub species were Artemisi fili-
folia, A triplex canescens, Dalea formosa, Epliedra sp., Prosopis glandulosa, Xanthocep:-
alum Sarothrae, and Yucca elara.

The community was found predominantly in the 1-ueco Bolson and
the Tularosa Basin on medium to very fine sandy loars and on sandy clay loarns that were 50
cm or mjore in depth. Occasionally, gravels composed of cemented sand grains were present.
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FIGURE 38. Sporobolus cryptandrus Sporobolus flextuosus Grassland (10D) with
Prosopis glandulosa (P) and Yucca elata (Y) shrubs. (Landform unit
CI). Site 274.

E. Sporobohs giganteus (I OE).
Sporobohs giganteus formed a dense vegetative cover, with 50

to 75 percent ground cover, that was 1.5 to 2 meters tall (figure 39). Shrub species
were occasionally associated with S. giganteus. but they were present with ground covers
less than 1 percent. The associate plant species were the grasses Aluhlenbergia arenacea,
S. lWrightii, Tridens muticus, and the shrub species Flourensia cernua. Larrea tridentata.
and Prosopis glandulosa (site 179, figure 33).

In the lower reaches of the washes that originate at the Otero Mesa
escarpment between Route 506 and McGregor Range camp, S. giganteus forms a very dense.
almost homogenous, plant community in the deep (greater than 1 meter) clay loam soils.
This plant community was distinctive because stream flow had cut many small drainageways
through the community, forming a rill-type drainage pattern. The size of the rills varied.
ranging from 0.15 to 1 5 mcters deep and from 2 to 3 meters wide. The dissected
nature of the clay loam soils in the drainageways has created a grass-hummocky aspect
visible only on the ground. This community grades rather Abruptly into the Scleropogon
brevifolius - Flourensia cernua community at lower elevations, along a line that almost
parallels the small escarpment along the western edge of the dissected limestone formation
below the Otero Mesa escarpment. i.e. at Lee Tank.

Soils in the S. giganteus grassland were primarily clay loam in tex-
ture with essentially no gravel and were greater than 1 meter in depth.
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FIGURE 39. Sporobolus giganteau Grassland (101) in the midreach of a wash (Landformi
D). Site 179.

Grass - Larrea tridentata (11). This grassland community was com-

prised of several grass species, with ground cove- ranging from 25 !' 75 percent. These

were Bouteloua curtipendlula, " eriopoda. B. gracilis. Ilitaria mutica, M luhlenbergia

arenacca. Al setifolia, and Scleropogon breiifolius. The associate grass species were B.

hirsuta, A. Porteri, Sporobolus Wrigltfii. and Tridens muticus. which had ground cover

values ranging from I to 5 percent (figure 40).
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FIGURE 40. Boute'oua eriopoda Bouteloua gracilis -Larrea tidentata Community
(11) near Campbell Tank. Site 251.

Larrea tridentata was the common associate shrub. having ground
cover ranging from 1 to 25 percent. Other shrub species infrequently observed with ground
covers less than 5 percent were Dalea formosa. Dyssodia acerosa, Opuntia spp., Xanitlo-
cephalum Sarotlirae, and Yucca Torrei'i.

Soi! textures in this community were mostly clay loam and loanis with
less than 20 percent gravel. Soil depth more than 40 cm was found on the flat-laying limie-
stones of the Otero Mesa and on the butte at Campbell Tank. Soils of shallow depth (less

- than 15 cm) were found on the dissected hills and the upper alluvial fans. The Grass-Larrea
tridentata community was comprised of the following three si.:bcom munities:

1. Bouteloua eriopoda - Loreea tridnla ta. This community
occurs on the Otero Mesa, on the butte at Campbell Tank, and ons the dissccted hills
(figure 40). The dominant grass species was Boutelotia eriopoda. with ground cover ranging
from 25 to 75 percent. Other grass species present were B. Curtipendula. B. gracilis. and
B. hirsuta, which had ground covers ranging from I to 25 percent.
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2. Bouteloua curtipendula- Larrea tridentata. This subcom-
munity was dominated by Bouteloua curtipendula. with ground cover ranging from 6 to
50 percent and with Larrea tridentata as an associate shrub species. This community
occurred on the upper alluvial fans coming from the Otero Mesa escarpment and on the
dissected hills. Soils were clay loams with gravels, and the soil depth was less than 30 cm.
Muihlenbergia arenacea - Larrea tridentata was also found on similar sites.

3. Hilaria mutica - Scleropogon brevifolius - Larrea tridentata.

This subcornmunity occurred on the dissected hills composed of interbedded limestones

and shales. The Hilaria mutica and Scleropogon brevifolius grasses were predominantly
- on the gravelly clay soils developed on shale, and Bouteloua curtipendula, B. eriopoda.

and B. gracilis were found on shallow clay loam on the bedded limestone unit.

Grass -Flourensia cernua (12). Grass species present in this community

accounted for more than 50 percent of the ground cover. The dominant grass species were

Hilaria mutica and Scleropogon brevifolius, which had ground cover values of 51 to 100

percent. Aluhlenbergia Porteri was an important grass species, occurring infrequently as the

understory beneath the shrub canopy. Grass species present with ground covers of 25 to 50
percent were 11. mutica, M. Porteri, and S. brevifolius. with M. arenacea present with
I to 5 percent ground cover (figure 41).

Floiurensia cernua was the major shrub species with ground cover of

6 to 25 percent and a relative frequency of 100 percent. Other shrub species A triplex

canescens, Larrea tridentata, and Opuntia spp., were less frequently observed, with ground

coveis less than 1 percent.

This community occurred in the draimageways in the alluvial fans, in

washes, and in some playas in the Hueco Bolson and the Tularosa Basin (figure 41) Soils

were clay or silty clay with little gravel and were usually greater than 30 cm deep. Ob-

servations made in some soil pits showed a caliche pan forming at the 30 to 60 cm depth.

but this layer was not indurated.
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FIGURE 41. Scleropogon brevifo!ius (S) - Hilaria mutica - Flourensia cernua (F)
Community (12), with scattered Opuntia spp. (0) in a wash. (Landform
unit D). Site 101.

Grass - Acacia constricta (13). The dominant grass species in this
community were Bouteloua curtipendubi and B. eriopoda, which had ground covers of
6 to 50 percent. Acacia constricra was the major shrub species, occurring in all quadrants
.ind having a ground cover of I to 5 percent. Other shrubs less frequently present, but adding
less than 1 percent to the ground cover, were Dyssodia acerosa, Ephedra sp., Larrea
tridentata. Opuntia spp., Parthenium incanumn, and Xanthocephalumn Sarothrae.

This community occurred primarily on the dissected hills and escarp-
ments along the buttes. the inselbergs, and the cuestas lying between the Otero Mesa escarp-
ment and Route 54 (figure 34). Bedrock in these areas was bedded limestones and inter-
bedded limestones and shales.

Soils were gravelly clay or gravelly clay loam with 15 to 30 percent
gravel. Soil depth was very shallow to bedrock or the petrocalcic horizon, and less than
30 cm on the colluvium or soils developed on the shale.
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Grass - Aremisia ti111W/ia (14). lDonn -m~ss spe~cC mn this conm-
munit\ xeie Spurobtulus critndrus and S. 17exitss, . ith grounhd co%%nis rafl-ingi rom

Sto '5 percent. Althoug~h S. ((ntr 'IS f~a ound ill tills Couilnniwit re-,ound :o% er
w'asgeneralkx !ess t han I nercent. Taxonomically. .S*. r inu and :cutj are
\Ver\ similar. xfhc md ield dentillcation diffticult v hen tile-, %\,.re not !o%%cr!~ ing, I
both sp~ecies coninionl\ occurred inl this connmunity, thle coverage and I remlcK .c
grouped for convenience under .S. r Iandnis inl thle phylosocimiouIca !a (ape-C-1dR
1) and figuire 42).

Arimisi Jilinlia was the common shru!- species inl flis comiiflluiiit\
having ground co, er of I to 25 percent. A triplex aune.( ens. l'rosupis glatidultisa. Xanfliu-
ephalum Saroilirue and Yucca clara \kere frequently presenit. but their percent ground

covers were less than I perc-ent.

Tis COMmunllity' occurred almost exclusively on deqp and very fine
sands inl the Hileco Bolson and *ularosa Basin. Soil textures were sand% joani, or loarn sand.
and the soil depth was greater than 60 cm.

FIGURE 42. Sporn bolus cri'ptundrus - Sporobhis jiexuiosus -A rlemisi, Wfihla
Commiunitv (14) with Yurca elawa (Y). aridXnhcplamSrore
MX. (Landformn unit C2). Site 173.
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Grass -Prosopis glandulo~a (1 5). This community was comprised
of two sub co imunities identified from the dominant grass. Grass cover in the two sub-
communities ranged from 6 to 25 percent. with Prosopis giandulosa as the major associated
shrub species.

1. Bouteloua eriopoda -Prosopis glandulosa.
The dominant grasses were Boutcloua eriopoda and B. curtipendula.

whih hd roun coerrnng from 6 to 1-5 percent. Associated grass species with ground
covers less than 5 percent were B. gracilis and Aristida spp. The major shrub species was
Prosopis glandulosa. which had ground cover ranging from 1 to 5 percent. Other shrubs
infrequently pre;sent wvere Dalea formosa. Eurotia lanata, XYanthocephalum Saroilzrae.
and Yucca Torreyvi. These shrubs had ground covers less than I percent. The Boureloula
cripopoda -- Prosopis glandulosa community occurred on the Otero Mesa. the buttes. and
the upper alluvial fans where soil depth was 10 to 40 em. Soil texture was c' ' loami with
less than 2-0 percent gravel.

2. Sporobolus cry~prandrus -Sporobolus flexitosis - -S01is

gland'dosa.
This variant was dominated by the grasses S5porobolus crypiandrus

and S. flexutous. with S. contractus occurring as an associated grass species. Pro sopis
glandulosa wvas the major shrub, having a ground cover of I to 5 p~ercent. Other shrubs
less frequently observed were A1rtenzisia filifolia. A trilfex canescens. Xanthocephalwnz
Sarorlirac, and Yucca elata. This community was found in dunal and flat-lying areas in the
Flueco Bolson and the Tularosa Basin on the fine and very loamy sands and sandy loanms.
Soil depth was 30 to 80 cm in the interdunal areas (figure 43).

FIGURE 43. Sporobohis~cri mandrus Sporobolus flex.uosits Prosoplv glandulosa (P)
community (1 5) with Y ucca clara (Y), Ephedlra sp. (E). andi Xaniho- -

ceplialum Sarothrae shrubs. (Landform Unit Cl). Site 157.
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Grass - Partlienium incanuni (1 6). The Grass - farthenizin incanumil
coniniunicy occurred onl thle dissected hills that formn tile liueco Mountains and onl the time-
stone outcrops on the Otero Mesa escarpment (tigures 32 and 33 ). P. incanion was tile major
shrub species. having a ground cover from 6 to 25 percent. Associated shrubs occurring lv~ss
frequently wvere D-vsodia acerosa. E-phedra sp.. Larrea tridenitata. Vzguwraer~ sIiiobhl.

and' Xanrioteplzaluln Sarotlhrae. cacil ha'in,- a round covei ranging from I to 5 percent.

Thle community was divisible based upon thle dominant -grasses withI which P.incanuin occurred.
1. LaOuteloita cur.'ipenduld - Iouthnoa eriopoda -Parihenium

This plant commnunitv was doniinaied by the -rasses Boim'iowa

curlupendula and B. erioipoda. which hadl ground covers ranging fromn 6 to 215 perce..
Other associated -rasses were :lristida sp., JMuIh'nbergia setiffulia. and Tridlen.N murk u%.
each having a ground cover less than 5 percent. Soils in this variant were shiallo%%. gravelly
loam, and gravelly silt loam over highly fractured bedded limestones (figure 44).

2. Ilflaria uiiica' Lvcutrus phleoides -Parthe'nium jinaiunf.

Iflarid Inzica and Li-curus plloides occurred with Partiu'ntIffn

incanui, with Acacia constricta occasionally present. Tile grasses formned dense ground
covers on clay soils, yet only accounted for I to 25 p~ercent of the ground cover. This
community occurred on the interbedded limestones and shiales. Soils developed on thle lime-
stone were very shiallow gravcly loanis or were not present. Clay soils tha-t were 5 to 30 Cmn
in depth were found on tile shiale. This community was found at only :,everal sites inl thle
study area. Additional field wvork is necessary to deszribe thle spatial distribution and species
complosition of thlis community.

FIGURE 44. Boutcloita curtipenduzd Boutelozia uniqora -Partieniun ineanum (11)
Community (1 6) wvithl Fouquieria spkendens. .Volinia sp.. and Xanthlocep-
haluin S5arotrlure. (Landfornl unit A2). Site 21
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percent of tlk This was the major physiognomnic group. comnprising about 5-s

perentof'thestudy area. Th"le shrublands occurred primarily on the alluvial fans %kst o* the
Otero Mesa escarpment: onl the fans surrounding the Franklin. Organ. and Jarillh Mounatains:
and in! lte I fueco Bolson and Tularosa basin. Shrub-do-minated areas had imited dimtribut ionl
on lte Otero Mesa and near the miess escarpment. The major shrub species werc .1cac ia
consiri(Ia, .lrteiiia filiuuiia. Flurensia cernua. Larrea !-rid('nia. irthiumu rmadfufi.
aind I'rtsopis gl-dlosa. Stir-tibs were f'ound on miost Soils and landbr . nt I the Std
area: noee.sonme shrub species were more frequz.nl associatedS -with) specific. soil and
landform codtos Grasses often formcd thie under~torN in somle shrub omniis
Alon, lte maJor drainaizewavs and on itue flood panterraces. Chiiu;psis Iiuwar;,. ;daiua
parad xa. and Tiwlespierma longipe.s formed dense stands. but file,, were rareb, obse-ned
in tihe uipland areas.

Larrea iridlentata (20). Larrt'a tridc'ntata was fihe dominant p~lant
species in this commniutity. comprising 6 to 25 percent of' the ground cover. Shrubs Infre-
q (uently present with ground covers of I to i percent were Dalea IJrnzosa and Xantluo-
ceplaiam Sarothra. The shrubs present with ground covers less than I percent wvere
OPunria spp. and Prosopis glandulosa- Grasses wvere infrequently present. and their ground

covers were less than I percent. Aristida sp. and Tridens inuicus. both of which were of
short stature, were thle rarely present grass species (figure: 45).

FIGURE 45. Larrea tridentaa Community (20) on upper alluvial tanls (Il) Site 212.
The Jarilla Mountains (Landform A3) are on thle horizon.
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This community was found primarily on the alluvial fans and on some
areas in the western and southern portion of the basins (figure 32). Soils on the alluvial fans
were gravelly sandy clay loams and gravelly clay loams, and they were 15 to 30 cm deep to
the petrocalcic horizon or bedrock. In the basin areas, the soil textures were sandy loam and
sandy clay loam, and they were more than 30 cm deep. This shrub community was found

-onawide range of soil textural conditions; on sandy loam soils in the south and western
side of the study area near Chapparell, Texas, and Newman, New Mexico, sites 62 and 63
(figure 32); on gravelly clay loam soils on the lower alluvial fans, sites 2 and 72 (figure 32);
and on shallow gravelly clay loam soils on the upper alluvial fans. The community was most
often observed on the upper alluvial fans, B I and B2, and on the intermediate alluvial
fans, B3, which were covered with gravel particles that ranged from 2.5 to 5.0 cm in
diameter.

Larrea tridentata- Grass (21). Larrea tridentata was the dominant
shrub species in this community, having a ground cover ranging from 6 to 25 percent. Other
shrubs infrequently present with ground covers less than 5 percent were Opuntia spp.,
Parthenium incanum, and Xanthocepahlum Sarothrae. Grasses were present with ground
covers ranging from 1 to 25 percent. This community may be subdivided by the associated
grass species.

1. Larrea tridentata - Sporobolus Wrightil.
This community occurred on the upper alluvial fans (B 1, B2) on r

sandy clay loam and clay loam soils containing less than 20 percent gravels. Soil depth was
variable, ranging from 30 to 90 cm. Tridens muticus infrequently occurred as an associate
grass species where the soils were shallow and contained more gravel.

2. Larrea tridentata - Muhlenbergia Purteri.
This community occurred in the lower alluvial fan units and in the

washes. Soils were 30 to 60 cm in depth and were gravelly clay loam in texture. The grass
species occurring in this community were Hilaria mutica, Muhlenbergia Porteri, and
Scleropogon brevifolius. M. Porteri often formed dense clumps beneath individual Larrea
tridentata shrubs.
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Larrea tridentata -Parthenium incanum - Grass (22). This plant
community is similar to the Larrea tridentata - Grass community (20), except for the
presence of the shorter, hemispherical shrub, Parthenium incanum, as a co-dominant or
associate shrub species. The ground cover for L. tridentata varied from 6 to 25 percent
and for P. incanum, from 1 to 25 percent. The shorter Xanthocephalum Sarothrae shrubs
were frequently present with ground cover of I to 25 percent. Other absociated shrub
species infrequently present, with ground covers less than I percent, were Acacia cunstricta,
Flourensia cernua, Prosopis glandulosa, Rhus microphylla, and Yucca elata (figure 46).

The grasses present in this community were Bouteloua curtipendula.
B. eriopoda. Muhenbergia Porteri, Sporobohs cryptandrus. S. Wrightii. Trichachne cali-
fornica, and Tridens muticus. These grass species had ground covers ranging from I to
25 percent.

This community was found primarily on the dissected hills (A2)
and on the higher and midlevel alluviai fans (131 and B3). Soil textures were gravelly clay
loam or gravelly sandy clay loam, and the soil depth was about 30 cm.

FIGURE 46. Larrea tridentata (L) - Parthenhim incanum (P) - Grass Community (22)
with Xanthocephalum Sarothrae on the alluvial fan (B I). Sites 196 and 197.
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Larrea i deIIWIu ho2om I-i\Ll glihulosci ( T) his colillNh waN
Comprised of* thle co-dominlant species Larrea tridceiiara and I'ruopi% glandido:,,. which
had ground covers ran-fin- from 0 to25 percent. Other shrubs intfiequent K present in) tilhe
com~munity were Flourensia cernua, .ahotephuhimn .aiothrav, and Yuiu (14l1(l. \%ith
groundi covers less than 5 percent. The -round cover of' X. .Sarothrac often cqualed t hat
ot' L. !IRICIMlaf anld P. 111laiidzlosa. but thle tiller L. tIndeniaza and P' gdwdubua hits
dominated thle cornmu nit v.

Giass species were infrequently present. b~ut wei e cons"picuousl\ absent
at those sites where X,. Saroihnc was most prevalent. 11111h1enbcl-ia Porteni. Spuobou.\LcrV/'iwidrus. S fic vuosiLm. and Jrnden% niuuu.cl Were thle mlost Common -,rass Species.

Thiis colflifilu nit v %%as enicouintered. priliari\ oil t hl n, I--IIc and lower
alluvial fans. 113 and 134. and the \adc\ee fnui.15.o i asenadwstcl n1

sides ot' the stuvarea bet meen thle Larrcu tri(Icfuiaa Communities (2( and 2 1) onl thle
alluvial tanls and tile I'n. opi.N.,6iauiduluova -- .X'auii1iw cphalum Saruilua(' A1 iqdv dC1C\ (ii --

Grass commnilty (50) ot the basin areas (figure 47).

FIGURE 47. Larrea tridentata ( L) Pr~mq'i. gianiidosa -. 1iuhlenhc-ri Inricri (MI)
C'ominunit\ (23) on tilhe lower alluvial f'ans (133) Site% 4 1 and 42.
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The associated grass species were indicative of the differences in landform
and soil conditions. The grass species on the upper and middle elevation alluvial fans were
M. Porteri, which formed a dense growth beneath the shrub canopies, and T. inuticus.
P. glandulosa was found in or immediately adjacent to the threadsof the small drainage-
ways on these fan units, and L. trilentata was found on both the interfluvial and tluvial
areas. Soils were gravelly sandy clay loam, sandy clay loam, and clay loams with soil cpth
greater than 15 cm.

The community was also encountered in the basin areas on sandy clay
loam and sandy loani soils that were greater than 45 cm deep. In these areas, the major
grasses were S. crptandrus and S. flextosus, which reflected the sandy nature of these
soils.

Larrea tridentata - Flourensia cernua - Grass (25). Larrea trkentata
and Flourensia cernua, the dominant shrub species in this community, had ground covers
ranging from 6 to 25 percent. F. cernita was often a subdominant shrub species at some
sites with ground cover of I to 5 percent. Other shrub species infrequently present with
ground cover values less than 5 percent were Parthenium incanum, t'rusopis glandulosa.
and Xanthocephalum Sarothrac (figure 48).

FIGURE 48. Larrea tridentata -Flourensia cernua -Grass community (2-5) on thle
drainageways and the lowest slopes of Landform 1B4 (Foreground). On
the hillsides, a Larrea tridentata -Parthenium icauw community
(22) is present.
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The grass cover was variable, ranging from 6 to 50 percent, occurring
frequently only as an understory beneath L. tridentata and F. cernua shrubs. The grass
species found were Bouteloua curripendula. Hilaria mutica, Muhlenbergia arenacea. .4l.
Porteri. Scleropogon brevifolius, and Tridens muticus. Grass species on the clay and clay
loam soils, 15 to 30 cm deep, on the lower fans and washes were H. inutica. Al. Porteri.
and S. brevifolius. B. curtipendula and T. muicus were present on the shallower gravelly
sandy loam and gravelly sandy clay loam soils.

The community occurred primarily on the lower alluvial fans. B3 and B4.
and in the washes. It was found on upper alluvial fans, but only with limited distribution.
The community may be a transition between the Larrea tridentata communities (20 and 21)
that occurred on areas of slightly higher relief on the lower alluvial fans and the Flourensia
cernta - Grass community (30) found on heavier textured soils in the washes and drainage-
ways of the lower alluvial fan units.

Acacia constricta - Grass (30). Acacia constricta was the dominant
shrub in this community, with ground cover ranging from 6 to 25 percent. Actual vegetative
cover was less than th.s value because of the very porous shrub canopy and the small leaf
size of the shrub. Even so, the physiognomic aspect of this community was provided by the
1.0- to 1.5-meter tall A. constricta shrubs. Parthenium incanum was a subdominant shrub
species, frequently present with ground cover of 1 to 5 percent. Dalea formosa. Ephedra
sp., and Xanthocephahum Sarothrae occurred less frequently and had ground cover values
less than 5 percent. Other shrubs infrequently observed, having ground covers less than
I percent, were Berberis trifoliolata, Dyssodia acerosa. Flourensia cernua. Larrea tridentata.
Opuntia spp.. and Yucca elata (figure 49).

Grass species present were Bo'uteloua curtipendula. B. eriopoda. B.
uniflora. lilaria mutica, and Scleropogon brevifolius with ground covers ranging from
I to 25 percent. The grass species composition and ground cover values varied between the
sample sites with regard to soil/geologic conditions. B. curtipendula and Sporobolus tWrightif
were frequently found on the bedded limestones of Landform A2. Areas comprised of
interbedded limestones and shales, also in Landform A2, had Hi. mnutica and Scleropogon
brevifolius on the clay soils, and B. curtipendula, B. eriopoda, and B. hirsuta were on
the shallcw gravelly clay loam soils on the limestones.

Soils were primarily gravelly sandy clay loam, gravelly clay loam, gravelly
clay, and clay, and they varied between 15 and 45 cm in depth. This community was
found on the dissected hills landform unit (A2), primarily on the eastern side of the study
area (figures 33 and 34).
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FIGURE 49. Acacia constricta- Grass community (30) with Parthenium incanum
on Landform unit A2. Site 164 (Foreground). Scleropogon brevifolius -

Ifilaria mutica Grassland (12) in the outlined area (wash).

Acacia constricta - Larrea tridentata (31). Acacia constricta, the h
dominant shrub species, had ground cover ranging from 6 to 25 percent. Larrea tridentata.
the major associate shrub species, had a ground cover ranging from I to 25 percent
(figure 50). Other shrub species observed less frequently were Dyssodia acerosa, Ephedra
sp., Flourensia cernua, Opuntia spp., Partheniumn incanunz, and Xanthocephaluin Sarothrae,
each of which had ground cover values less than 5 percent.

The grass species present were Bouteloua curtipendula. B. eriopoda, At
Sporobohs cryptandrus, S. Wrightii. and Tridens muticus on the shallow soils and frac-
tured limestones (landform A2). Hilaria mutica and Scleropogon brevifolius were found
on the clay soils developed on the shale layers of the interbedded limestone and shale series
(landform A2).

Soil textures were gravelly clay, gravelly clay loam, or clay with gravels.
Soils were often shallow to bedrock, and fractured limestones were often exposed on the
surface.
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FIGURE 50. Acacia constricta (A) - Larrea tridentata (L) community (31) with
Yucca baccata (Y) on the upper alluvial fan (BI). Site 5. Hueco Mountains
can be seen in the background (Landform unit A2).

The distribution of this community was on the inselbergs and dissected
hills (landform A2) and on some upper alluvial fans (site 4) on the eastern side of the study
area (figures 33 and 34). The species composition. with the exception of L. tridentata
shrubs, was very similar to the Acacia constricta - Grass community (30). Additional
study is needed to evaluate further the importance of L. tridentata as an adventive in the
Acacia constricta - Grass community.

Flourensia cernua -Grass (40). Flourensia cernua was the dominant
shrub species, having ground cover ranging from 6 to 25 percent. Shrubs less frequently
observed were Atriplex canescens (I to 5 percent), Opuntia spp. (less than 1 percent),

- and Prosopis glandulosa (less than 1 percent).

Two grass species, Scleropogon brevifolius and Iilaria imutica, were
the major associate species, with ground covers ranging from 6 to 25 percent (figure 51).
Soils were primarily silty clay, clay loam, or clay, with some gravelly loam. Soil depth was 1

=more than 30 cm.
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FIGURE 51. Flourensia cernua (F) - Scleropogon breifolius (S) - Ifilaria murica (H)
community (40) with Rhus microphylla (R) on the wash, Lardform
unit D Sites 95 and 96.

This community was commonly found on the lower alluvial fans and in
the washes on both sides of the basin. It was occasionally found on the Otero Mesa and in
the drainagewavs where surffcial water could readily collect or be channeled, such as those
leading to and surrounding the cattle watering tanks. In undisturbed areas, the grasses formed
a dense cover that imparted a dark. almost black, smooth photo tone on the aerial photo-
graphs (site 16. figure 7).

Flourensia cernua -Larrea trideniata - Grass (41). Flourensia cernua
and Larrea tridentata were the co-dominant shrub species providing the physiognomic
aspect to this community. Their ground covers were variable, but most ranged from 6 to 25
percent, witn higher ground cover values from 26 to 50 percent observed at some sites. Other
shrub species infrequently present (20 to 40 percent absolute frequency) were Artemisia
filifolia, A riplex canescens, Ephedra sp., Prosopis glandulosa. Xanthocephalum Sarothrae,
and Yucca elata. each of which had ground cover values less than 5 percent. Within this
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community, L. trit1entata appeared t(; favor slight increases inl elevation. which inaN corres-
pond to older alluvial surfaces. 1F cernua and the grasses fa% ored lo%% er areas %% here surficial A
water was most likeir to flow or collect.

G;rasses were common, usually as thle understor . and had gro'.Id cover
values ranuinug from 6 to 75 percent. The freqluently observed grass species were lidiart
mifia. .11iihlenber-h, arcilacca. and .11. I'ortri. although species coin posit io vrie

t~tensites.

11e soils were cly cla loam. or sand\ cla\ ini the surface horizons with
increased gra-ei content inl the lower profile. Soil depth was 3O to 90 cm. but a petrocalcic
horizon was occasionally encountered within 30 cm of' thle surface.

Thiis conmmunityv. sh~own in figure :52. was found on the lower elevaition
AILivial falls and inl thle washes (134 and D)). primaril\ onl the eastern side of thle situds area
01iunres 31 and 3,4). The community occurred on smlall areas on the (tero Mesa and iii the

-=Sale at thle foot of thle alluvial fans onl the eastern side of thle Fr-niklin anid Organ MountainsI

fi - ire

FIGURE 52. Fha'rc'sa ( ti/il - Larrea tridenlaja communit\ 14 I w P t~1rmtipt%
glindulosa on the low\er alluvial fanls (B14). Sites 1 (0 and I(,-. 1lie rasses;
are iiaria mu11 (l-a anmd Sch'ropoggl: brevlj)iis
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Prosopis glandulosa - Xanthocephaluin Sarothrae - A triplex canescens -
Grass (50). This community was rather liono-mieous inl its species

composition. consisting of very few shwnb species and grasses (figure 53). Prosopis glandu-
losa was the dominant shrub species. with ground cover ranging from 6 to 25 percent. The
associate, less frequently observed shrub species (40 to 60 percent absolute frequency)
waere A friphex canescens. Ephedra sp.. .X'anhoceplwlum Saroflirae. and Yucca edala, eachI with -round covers less than 5 percent.

Grasses were frequently present. although the percent ground co~er was
L ighlyi~ variable, rangn from negligible values at hialf of the samlple quadrants to 25 percent

at the other sites. Grass species present were JMuhienbergia setifilia. S5porobhls cr 'iptandrus.
S. flcvuosus. and S. contr-actus. In the small shallow depressions and] in thle plavas of the
Ilueco Bolson and the Tularosa Basin, Arisitda sp~.. Ililiat inuhtia. .. Porteri. and Panicunz
olbrusum formied stands with ground covers greater than 50 percent. P. glandulosa formed
thle shrub overstorv. Annual herbaceous species were found seasonally, often with substantial
ground covers.

The soil texture of the 0 to 15 cm soil horizon wvas loamy. sand. sandv'
loam, or sandy cla\ loam. Soil depth was more than 30 cm. although soils less than 15 cm
were found loc:ally in the dleflation areas between thle cop~pice dunes (site 521).

FIGURE 53. Prosopis glandulosa (11) -Xanthoccphaunm Saroilirae (X) - 1 riphex
canescens (A) - Sporobolus slpl. community (50) on tie C oppwe Dlles
(ClI) in the Tularosa Basin. Site 66.
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This community was found primarily in the Hueco Bolson and the Tula-
rosa Basin and on those alluvial fans covered with aeolian sand (B5). The two landform units
were similar in that numerous coppice dunes had formed around the R. glandulosa shrubs.
Because P. glandulosa can develop adventitious roots from buried stems, the species has
an advantage over other shrubs that lack this ability when both become buried by aeolian
sand. The deflation and deposition of aeolian sand around shrubs within this community
and the rate of shrub growth are related causative factors resulting in the paucity of associate
shrub species in this community.

This community rarely occurred on alluvial fans not covered by sub-
stantial amounts of aeolian sand. Field observations and laboratory photo analysis showed
that P. glandulosa was often an associate shrub in other communities, such as in plant
communities 23 and 41.

Prosopis glandulosa - Larrea tridentata (51). Prosopis glandulosa was
the dominant shrub, having percent ground cover from 6 to 25 percent and occasionally
26 to 50 percent. Larrea tridentata and Xanthoce.'halum Sarothrae were associate shrubs
with ground covers ranging from I to 5 percent. Other shrubs infrequently present were
Parthenium incanum and Yucca elata, with ground covers ranging from I to 5 percent.

5 :Grass species were present, with ground covers less than 5 percent. although occasionally
values ranged from 6 to 25 percent.

This community was present on both sides of the basin where the lower
alluvial fans and the washes abutt the coppice dune areas (figure 33). The distribution of
the community indicates this is probably a transition community between the Prosopis
glandulosa communities in the basin areas and the Larrea tridentata communities on the
lower alluvial fans. This is indicated by both the landform units upon which the community
is located and the soil texture data available for the community.

The soil data from this community were extremely limited. However.
based on knowledge of soil conditions on similar landfonns, one can predict that the soils
are probably gravelly loams on the upper parts of the alluvial fans, becoming more sandy
on the lower parts of the fans at the fringes of the basin area.
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Prosopis glandidosa - Artemisia filifolia (52). Prosopis glandulosa was
the dominant shrub, with ground cover values ranging from 6 to 25 percent. The majorIassociate shrub species were Artenisia filifolia and Xanthocephalum Sarothrae, with
ground covers of 1 to 5 percent. A triplex canescens was commonly present, but its ground
cover was less than I percent.

Analyses of soils from site 106 showed that the texture of the surface
wac sandy loam, rading to sandy clay loam with depth. However, additional soil sampling
in this community is needed so the range of soil conditions can be more fully described.
Other samples from this landform unit suggest that soils in this community are loamy sand
or sandy loam. Soil depth was 60 cm or more and contained less than 3 percent gravel.

This community was found only on the eastern side of the study area.
entirely within the basin. It occurred in areas having coppice dunes less than I to 2 meters
tall, and in flat, smooth areas in the basin. The community occupied areas between the 2U
Prosopis glandulosa community (50) on the coppice dunes and the Artemnisia filifolia
community (60) on deep undulating sands and on the shallow sand deposits with slightly
undulating surfaces. This position suggests that this community is a transition one between
the Artemisiafilifolia and Prosopisglandulosa communities.

iyArtesia flifolia - Grass (60). Artemisia filifolia. the dominant shrub

in this community, had ground cover ranging from 6 to 25 percent. Other shrubs infrequently
present were Atriplex canescens Ephedra sp.. Xanthocephahlin Sarothrae. and Yucca
elata, which had ground covers less than 5 percent. Dalea scoparia was a co-dominant
species in some areas where its ground cover values ranged from 6 to 25 percent.

Grass species were commonly present and had ground covers of 6 to 25
percent. The major grass species were Sporobohs contractus. S. flexuosus. and S. cry-
tandrus (figure 54).

Soils were sand. loamy sand. or sandy loam. and contained essentially
no gravel-size particles. When gravel particles were present. they made Lp negligible per-
centages of the sample. Soil depth was more than 65 cm at most sites. A petrocalcic horizon
was found at about 1.5 to 2 meters below the surface in the community near the Meyer
Small Arms Range.
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FIGURE 54. Artemisia filifolia - Sporobolus cryptandrus Sporobolus flexuosus com-

munity (60) with Dalea scoparia and Ephedra sp. on the deep sands
(Landform unit C2). Sites 30 and 3 1.

The community occurred primarily on the eastern side of the Hueco
Bolson and the Tularosa Basin, paralleling the Otero Mesa escarpment in a discontinuous
band. In some instances, the Artemisia filifolia - Giass community occurred on limited
areas of the Otero Mesa; near Godfrey Tank; and along Route 62, 33 km east of El Paso.
Texas. In both these instances, the soil texture was sandy, and the soil depth was greater
than 100 cm.

At site 270, the Artemisia filifolia - Grass community was found on
an inselberg in the dissected hills landform unit (A2), portions of which had beea covered
by more than 1 meter of aeolian sand. Several individuals of Juniperus monosperma and
Quercus undulata were found in the community. These tree species, although commonly
found at higher elevations, were well established here as individuals 3 to 5 meters in height.

in the basin areas, this community was divisible on the basis of the type
of surface on which it was located; (1) deep sand and highly undulating surfaces, or (2)

_moderate to deep sand on slightly undulating s'irfaces. The largest contiguous area of the
Artemisia filifolia - Grass community occupied the deep sands on highly undulating sur-
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faces, extending from Route 506 to Borrego Tank (figure 33). This area contained the
deepest sand deposits encountered in the study area and was the only area in which large
blowouts were found. The blowouts were often 3 to 4 meters in diameter and 1 to 3 meters
deep (sites 243, 244, and 245). In areas around the Orogrande firing range and Wilde
Tanks (sites 30 and 31), Dalea scoparia, a large, dense hemispherical shrub, was co-
dominant with ground cover ranging from 6 to 25 percent. Along the margin of this com-
munity, microrelief changes of 1 to 2 meters were encountered between highly und, "ating
sa d surfaces of the barchan dunes and the adjoining alluvial fans and washes.

The area of moderate-to-deep sand on slightly undulating surfaces was
found near McGregor Range Camp and Meyer Small Arms Range, and north of Route 506
to Sacramento City. In these areas, Prosopis glandul,.a shrubs occurred within this com-
munity. The Artemisia filifolia community (60) gracnually changed into an Artemfisia
filifolia -- Prosopis glandulosa community (61) or Prosopis glandulosa - Artemisia fili-
folia (52) community.

Artemisia filifolia - Prosopis glandulosa (61). Artemisia filifolia was
the dominant shrub species in this community, having ground cover ranging from 6 to 25
percent. Prosopis glandulosa occurred as the major associate species with ground cover
ranging from 1 to 5 percent. Other shrubs occurring in the community, but with ground
covers less than 1 percent, were Ephedra sp., Opuntia spp., Xanthocephalum Sarothrae,
and Yucca elata.

Grasses were commonly found throughout the community, with Sporo-
bolus cryptandrus and S. flexuosus as the major species.

Soils were sandy loams with no gravel particles. Insufficient soil data
were available to adequately describe the range of soil textures in the community, but soil
data from the same landform indicate that soil textures were sands, sandy loams, and loamy
sands, and soil depth was 75 cm or more.

This community was found in the basin areas and was associated with
other communities dominated by P. glandulosa or A. filifolia. This community was not
encountered frequently. Judging from the soil conditions of this and other P. glandulosa
and A. filifolia dominated communities found in the basins, one can predict that this com-
munity is probably a transition stage in the evolution of either P. glandulosa or A. fill-
folia dominated communities.
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Forestlands (70). The forested and treed areas had very limited distributions.
Stands of small trees were associated with some cattle watering tanks (ponds), i.e. Campbell
Tank, Borrego Tank, Flat Tank, and Mack Tank, and the protected draws on the Otero Mesa
escarpment, i.e. Owl Tank Canyon. Tree species forming these small stands were .Acacia
sp., Celtis sp., Populus sp., Prosopis glandulosa, Tamarix ramosissimna. and Uhnus sp..
with Juniperus monospernia and Quercus undulata limited to the isolated draws. Although
P. glandulosa occurred as a small tree along the borders of some cattle watering tanks. i.e
Ilay Meadow Tank and Lake Tank, its normal stature in the study area was a short-to-med-
ium-height shrub. In some major drainageways extending into the Hueco Bolson and Tularosa
Basin from the Otero Mesa escarpment, Chilopsis chiliensis forned dense stands of tall
shrubs and small trees.

For all practical purposes, the only forested areas found that satisified minimhum
mapping criteria were those at the higher elevations approaching the Sacramento Mountains
in the northestern portion of the study area (figure 34) and the Organ Mouatains (figure 33).
In these areas, Juniperus monosperina. Pinus edulis, and Quercus undulata were the
major tree species. Associate shrub species were Agate sp., Cercocarpus montantts. Chry'-
sothaninus sp., Nolina sp.. and Xanthocephalm Sarothrae. Soils in these areas were
very shallow to bedrock on the middle and upper slopes, and they were gravelly silty clay
and silty clay with some gravel particles on colluvial material on lower slopes. Figures 55 and
56 illustrate the Junipet-s ntonospernia - Quercus undulata community near Culp Draw
on the northeast edge of the study area, and in the Organ Mountains on the western side of
the study area, respectively.

FIGURE 55. Juniperus monosperma (J) Quercus undulata community (70) with
Chrysothainus (C) sp. Cercocarpns montanus and Bouteloua curtipendula
(Landform unit A2) near Culp Draw.
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FIGURE 56. Juniperus monospertna - Quercus undulata community (70) with Cerco-
carpus montanus in the Organ Mountains (Landform unit A3).

Other (90). This mapping unit included those sample quadrants in which tile
percent bare ground was greater than 75 percent, and where vegetative ground cover was
less than 25 percent, but the percent ground cover of any particular species was not greater
than 5 percent.

Soils were generally gravelly silt loam formed on upper alluvial fan units. The
gravel fraction was about 20 percent of the sample.
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PLANT COMMUNITY AND LANDFORM RELATIONSHIPS. Data were obtained
by simultaneous sampling of the vegetation and landform maps. The maps for each photo-
mosaic were superimposed one on the other, and by using the point sampling technique,
data that describes combinations of plant communities and landforms were collected at
6,033 sample points. The frequency of each relationship is presented as a percent of the
total sample in table 7. The sum of each row equals the percent of the study area in which
a particular plant community occurred. The sum of each column equals the percent of the
study area classified as a particular landform. The values shown are relative percentages
of the study area because the mosaics were not geographically rectified.

The percentage value given at the intersection of a row and a column is the percentage
of the study area occupied by a particular plant community/landform association. Only
about one-half of the 350 potential associations between the 25 land cover mapping
units and the 14 landform mapping units were encountered; 30 of these had a frequency
of 0.5 percent or greater, and 15 had a frequency of 1.0 percent or greater. The plant
community/landiorm relationships with the highest frequencies were the Prosopis glan-
dulosa - Xanthocephalumn Sarothrae - Atriplex canescens - Grass (50) community and
the light-tc.ied, speckled sand dunes (Cl), which accounted for about 26 l-ercent of the
study area; the grassland community (10) and the mesa (Al), 13.3 percent; and the
Grass - Partheniurn incanum (16) community and the highly dissected hills (A2), 8.5
percent.

The frequency table shows that the occurrence of the plant communities is not inde-
pendent of landform units. By using the clhi- quare test to evaluate plant community/land-
form frequency data, one can show that the plant communities were not independent of the
landform unit at the 95 percent level of confidence, with 107 degrees of freedom:

Chi-square - f )(8
f(

where f 2 equals tile observed frequency and f, equals the expected frequency (17.2).

The number of degrees of freedom w,.te determined as

DF = j(R- 1) -(C- 1) -n (9)
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where R is the number of rows, C the number of columns, and n is the sum of observed
frequencies less than 5.37

Apportioning the frequency data of each plant community with regard to landform
was made on a 100 percent basis. This shows the likelihood of encountering a plant corn-
munity, given a specific landform unit (table 8). The plant community/landform associations
were grouped into one of three arbitrary classes: (1) those with frequencies of 20 percent
or more, which were the major associations; (2) those with 10 to 20 percent frequency,
which were minor associations; and (3) those with less than 10 percent, which were the
least important associations.

Figure 57 illustrates the association of the major plant communities, those occurring
on more than 20 percent of a landform unit, and the minor plant communities, those
occurring on 10 to 20 percent of a landform unit. The length of the line segments represents
the relative percentage of the study area occupied by each landform unit.

Mountain/Hills (Al, A2, A3) Plant Communities. The plant communities
associated with the mesa landform (Al) were primarily the grassland communities 10,
I OA, and 10B, of which the Bouteloua eriopoda - Bouteloua curtipendula grassland
(10A) was the most common and had its greatest occurrence on this landform unit. The
Grass - Parthenium incanum community (16) was found where soils were shallow or
bedrock was exposed and also found along the mesa escarpment. The Grass - Larrea tri-
dentata community (11) occurred primarily in this landform unit, but its frequency was

S-very low.

37J.E. Freund, Modern Elementary Statistics. 4th Ed. Englewood Cliffs, NJ; Prcntice-Ilall, Inc., 1973, p 532.
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The most common plant community associated with the highly dissected hills
(A2) was the Grass - Parthenium incanun (16) community, which occurred primarily
on this landform type. Grassland communities were found on a limited basis, with Bouteloua
curtipendula - Bouteloua uniflora (10B) the most common grassland on the A2 landform.
Grass - Acacia constricra. Acacia constricta - Grass, and Acacia constricta - Larrea
tridentata - Grass communities (13, 30, and 31) were found almost exclusively on this
landform unit between the Otero Mesa and Route 54, although this was not apparent from
data in table 8. The Juniperus monosperina - Quercus undulata community (70) was
found on landform A2, along the southern flank on the Sacramento Mountains.

Two communities were common on the rugged, sharp-crested mountain laad-
form (A3), the Bouteloua cuitipendula- Boureloua unifiora grassland (10B) and the
Juniperus monosperma - Quercus undulata community (70). The latter community was
found in the Organ Mountains. The Larrea tridentata- Parthenium incanum- Grass
community (22) was a minor community associated with landform A3. About half of its
distribution was found on landform A3.

Alluvial Fan (BI, B2. B3, B4, B5, B6) Plant Communities. The plant com-
munities found on the alluvial fans were those in which Larrea tridentata was either the
dominant or major associate species. On the upper alluvial fans, B I and B2, Larrea tridentata
and Larrea tridentata - Grass communities (20 and 21) were the major plant communities.
This was also the landform unit on which they most commonly occurred. Other shrub and
grass communities were more common on the middle and lower elevation alluvial fans, B3
and B4, where a mixture of the Grassland, Flourensia cernua, and Prosopis g4andulosa
communities (10. 41, and 50) and L. tridentata dominated communities (20, 23, and 25)
were found. The communities associated with the lower alluvial fans were Larrea tridentata,
(20); Flourensia cernua - Larrea tridentara - Grass, (41); Larrea tridentata - Prosopis
glandulosa - Xanthocephalum Sarothrae, (23); Larrea tridentata - Flourensia cernua -

Grass, (25); Grass - Flourensia cernua - Larrea tridentata. (12); and the Grassland com-
munity (10), primarily the Scleropogon brevifolius - Hilaria mutica community (10C). -

The Flourensia cernua - Grass community (40) was found only on the lowest alluvial fan,
B4, covering large areas, although in regard to the total study area its frequency was quite
low.

The major plant communities found on the sand-covered alluvial fans (B5)
were those dominated by either L. tridentata or P. glandulosa, i.e. primarily either the
Larrea tridentara - Prosopis glandulosa - Xanthocephalum Sarothrae (23), or Prosopis
glandulosa - Larrea tridentata (51) community. The association of these communities on
landform B5 accounted for about 20 and 35 percent, respectively, of their total coverage

1-
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in the study area. The occurrence of P. glandulosa dominated communities on the alluvial
fans indicates changes in soil conditions on the fan brought about by deposition of aeolian
sand. Where the amount of sand was substantial, the shrubs incapable of tolerating partial
or complete burial, i.e. L. tridentata, are eliminated, then replaced by species capable of
either adventitious growth or rapid establishment on the active fan areas. P. glandulosa
appears to be replacing L. tridentata, particularly on areas subjected to aeolian sand de-
position. The Larrea tridentata - Prosopis glandulosa - Xanthocephalum Sarothrae (23)
community occupies sites where aeolian deposition is active on the fan and occupies sites
between the upper alluvial fan (B I) communities dominated by L. tridentata (20 and 21)
and the Prosopis glandulosa - Xanthocephalum Sarothrae - A triplex canescens - Grass
community (50) of the basin areas.

The alluvial fans on the Otero Mesa (B6) were covered almost entirely with
grassland communities, Bouteloua eriopoda - Bouteloua curtipendula (I OA) in particular.
Two isolated areas of the Artemisia fiifolia - Grass community (60) were also found.

Basin Area (CI, C2, C3, C4) Plant Communities. Four landform units were
identified in the basin areas: (1) light-toned, speckled sand dunes (coppice dunes, Cl);
(2) dark-toned, rough-textured sand dunes (C2). (3) low, smooth areas (C3); and (4)
small, dark-toned depressions (C4).

The most prevalent plant community in the basin area was clearly the Prosopis
glandulosa - Xanthocephalum Sarothrae - A triplex canescens - Grass (50) community,
which occupied about C5 percent of the CI landform. Other communities dominated bv
either A rtenzisia filifolia or the Sporobohs spp. grasses were found on limited areas of the
Cl sand dunes, but their occurrence was clearly overshadowed by the presence of the Pro-
sopis glandulosa community. Plant communities occurring on the CI landform and which
accounted for more than 40 percent of their coverage within the study area were Prosopis
glandulosa - Xanthocephaium Sarothrae - Atriplex canescens - Grass (50). Grass -
Prosopis glandulosa (15), Grass - Artemnisia filifolia (14), Prosopis glandulosa - Artemisia
fififolia (52), and Artemisiafiifolia - Prosopis glandulosa (61) communities.

The major plant community associated with the large, dark-toned sand dunes
(C2) was the Arteinisia fififolia - Grass community (60). The minor plant communities
were the Sporobolus cryptandnrs - Sporobohs flexuosus (IOD). Grass - Prosopis glan-
dulosa (15), and Prostpis glandulosa - Xanthocephalum Sarothrac - Artiplex canescens -
Grass (50) communities.

1 I-
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The plant communities in the low, smooth areas on the basins (C3) were mostly
Sporobolus cryptandrus - Sporobolus flexuosus grasslands (IOD) and the Artemisia fili-
folia - Grass (60) community. Sporobolus cryptandns and S. flexuosus were the dom-
inant grass species in both communities.

The major plant community in the small depression area (C4) was Larrea
tridentata - Flourensia cernua - Grass (25). The minor communities associated with
this landform were the Sporobolus cryptandrus - Sporobohs flexuosus grassland (IOD),
and the Artemisia filifolia - Grass (60) communities. In the almost circular depressions,
or playas, grass communities dominated by Hilaria mutica and Muhlenbergia Porteri were
found.

Wash (D) Plant Communities. Along the major drainageways, several plant
communities were encountered, all of which had species common to each other but which
differed in dominant species. The major plant community was the grassland community (10)
dominated by Scleropogon brevifolius and Hilaria mutica. The Sporobohs giganteus
(1 OE) community was less frequently found. Minor plant communities associated with this
landform were Grass - Flourensia cernua (12), Flourensia cernua - Larrea tridentat -

- Grass(41), and Larrea tridentata (20).

R
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_DISCUSSION

The major landform and plant communities identified in this study were comparable
with those identified by Wyatt 38 and by Kenmatsu and Pigott.3 9 Associations of plant
communities with specific landform units and soil conditions were also identified in these

_prior studies, but greater diversity was found among the plant communities and landforms in
this study than was previously described. The phytosociological data of this study (appen-
dixes A, B, and F) show a greater diversity among the shrub-dominated communities
than previous studies, particularly those communities dominated by Larrea tridentata

- or Prosopis glandulosa.

The greatest divergence between this and previous studies, however, is in the grass-
land community (10), analogous to the Grama-Dropseed-Vine Mesquite association of
Kenmatsu and Pigott.40 The present study found greater habitat diversity within the grass-
land mapping unit and within the phytosociological data of the grassland community than
had been described previously, although the diversity in the grassland could not be depicted
on the 1:50,000 scale photography and was mapped as a single grassland community (10).
The five grassland communities were identified and described from phytosociological and
field data. The grouping of all grasslands into a single community did not recognize the
narrow habitat requirements of the various grass species within the mapping unit. The terrain
data associated with the grassland mapping unit further substantiated this conclusion, and
five grassland sub-communities, each dominated by one or two grass species, were recognized.

All plant species in the study area can be separated into four groups that are defined by
soil conditions and landform types (table 9). The first group of plant species are those species
found on sandy-textured soils in the basin areas. The species most commonly associated with
these soils and the Cl and C2 landform units were Prosopis glandulosa, Artemnisia filifolia,
-anthocephaluni Sarothrae, Atriplex canescens, Sporobolus flexuosus, S. cryptandrus S.
contractus and Yucca elata. Except for P. glandulosa. Y. elata, and X Sarothrae, these

3 8 j.T. Wyatt, "Ecological Analysis McGregor Range (New Mexico), Fort Bliss, Texas" in US Army Environmental Hygiene

Agency, Environmnental Assessment of McGregor Range (New Mexico) Fort Bliss, Texax. March-July 1975.

3 9 R.D. Kcnmatsu and J.D. Pigott, A Cultural Resources Inventery and Assessment of McGregor Guided Missic Range.
-Otero County, New Mexico, Part Ill. Botanical and Geological Studies. Tex. Archelogical Survey Research Report No.

-65:111, University of Texas. Austin, TX.
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species were rarely found on non-sandy soils. Most of these species have deep root systems
that extend to a depth of several meters, but which probably do not extend to the water
table in the basin areas reported to be 38 meters (125 feet) by Meinzer 4  and Cliett.4 2

P. glandulosa, reportedly a phreatophyte in parts of Arizona, 4 3 is probably not a phreato-
phyte in the Tularosa Basin and the Hueco Bolson because of the great depth to ground
water. Trenches dug in the coppice dunes show P. glandulosa produces adventitious roots
from buried branches. The formation of adventitious roots from buried stems generally
begins about 15 cm below the dune surface, a dense root system was evident in the two-
meter profile dug in several coppice dunes.

The soil texture in the basin areas suggests that only very drought-tolerant species
should occupy these soils; however, the soil volume from which the plants can absorb water
is substantial. The deposition of sand in the shrub canopy increases the soil volume from
which the plant could obtain soil moisture. This larger volume of soil can have a greater
potential plant-available water reservoir than some shallow loam and silty clay soils on other
landform units. The species on the sand dunes are probably moderately drought tolerant,

- - but are not as drought tolerant as those species found on shallower soils or exposed bedrock,
i.e. Acacia constricta or Larrea tridentata.

Soil textures in the basin areas were sandy loams, sandy clay loams, silty clay loams,
loamy sands, and sand. Soil depth varied from less than 30 cm in the interdunal areas to
more than 2 meters from the tops of the coppice dunes. In the very deep sands (C), the
soil depth was greater than 2 meters with no indurate horizon within this depth. Although
most of the soils hold small amounts of water (less than 5 percent plant-available water),
the potential soil water-reservoir is large because of the soil depth. Observations made in
several pits determined that the petrocalcic horizon had many fractures and channels in
which water and plant roots could penetrate to deeper horizons (figure 27).

4 10.L. Meinzer and R.F. Hare, "Geology and Water Resources of Tularosa Basin, New Mexico." USGS Water Supply
Paper 343, 1915. pp 11-55 and 176-207.

4 2T.Cliett, "Groundwater occurrence of the El Paso Areas and its related geology" New Mexico Geol. Soc. Guidebook
20; 1969. pp 209.214.

430.I. Mcinzer, "'Plants as indicators of Ground Water." Washington Acad. Sci. Journ. 16(2):533-564, 1926.
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A second group of plant species was associated with the upper alluvial fans and the
upland areas underlain by limestone bedrock (the highly dissected hills and parts of the
mesa landforms). Soils found on the upper alluvial fans and on the highly dissected hills
were less than 15 cm deep to bedrock or to the petrocalcic horizon. Soils were clay, clay
loam, loam, and gravelly loam, and many soils contained substantial amounts of gravel.
The mesa soils were less than 30 cm deep and were gravelly clay loam in texture.

The plant species occurring in these areas were the grasses Bouteloua curtipendula,
Muhienbergia setifolia, Sporobolus Wrightii and Tridens muticus. The shrub species were
A .acia constricta, Agave sp., Dyssodia acerosa, Ephedra sp., Fouquieria splendens, Koe-
berlina spinosa, Larrea tridentata, Nolina sp., Parthenium incanum, Yucca baccata, and
Y. Torreyi. Hilaria mutica and Scleropogon brevifolius occurred in these plant com-
munities on clay soils 15 to 30 cm deep. Bouteloua eriopoda and L. tridentata occurred
on the mesa, where silty clay loam and loam-textured soils were greater than 30 cm in depth.
Soils in these areas were capable of holding substantial amounts of plant-available water 1
per unit volume of soil; however, soil depth was the factor limiting the total soil-water
reservoir. [

A third group of plant species was associated with the lower alluvial fans, the de-
pressions in the basins, and the washes. The soils were mostly clay loam, silty clay loam,
clay, and sandy clay, which were more than 30 cm deep. The plant species commonly found [

on these soils were the grasses Hilaria inutica, Muhlenbergia Porteri. ScIeropogon brevi-
folius, and Sporobolus giganteus and the shrubs Flourensia cernua and Larrea tridentata
These species and the communities they formed occupied low lying areas that received
water from adjacent areas, which suggested these species were the least drought tolerant.
Their presences primarily on deer soils that could hold substantial plant-available water
substantiates this observation. H. mutica and Scleropogon brevifolius were found in the
Acacia constricta - Grass community (30) on the highly dissected interbedded limestones
and shales. H. inutica was found only on thz clay -oils developed on the shale beds that
could -eceive surface runoff from the upper slopes.

The fourth group of plant species was associated with the intermediate and sand-
covered alluvial fans, parts of the mesa, the dissected hills, and the upper alluvial fans. The
soils in these areas were 15 to 30 cm deep and were clay loam, clay, sandy clay, and sandy
clay loam. Grass species occurring on these soils were Bouteloua curtipendula, B. eriopoda,
Muhlenbergia sp., and Sporobolus Wrightii. The shrub species were Larrea tridentata
and Prosopis glandulosa.
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Certain environmental factors, which affected the plant species and plant community
distribution, varied in intensity in the different landform units. In the basin area, the climatic
factors were rather uniform throughout, although variations in precipitation and temperature
have been reported (table 1). The edaphic (soil) factors were believed to be the major in-
fluences on the distribution of plant species.

The effects of soil texture, soil depth, soil moisture, depth to ground water, and
soil salinity on the distribution of plant species in arid regions have been discussed by
others.4 4 ,.45,46 Depth to ground water was probably an insignificant factor affecting plant
distribution because the water table has been reported at depths in excess of 38 meters
(125 feet), well below the anticipated root zone for most plant species in the area. 4 7.48

Perched water could be a local consideration, but for most of the study area, perched water
_was probably not as important as some other factor(s). Soil salinity was not a significant

factor because salt concentration in the soil was too low to effect the distribution of plant
species (appendix C). Soil salinity could be a factor affecting plant distribution in a few small
areas located below the Otero Mesa escarpment where gypsum was present at or near the

=soil surface.

The soil depth, soil texture, and soil moisture relationships are probably the more
important factors affecting plant distribution in this study area. The potential soil-water
reservoir within the root zone probably has the greatest effect upon species distribution

- because of its influence on seedling establishment and growth. which are the critical stages
for plants invading new sites, and in plant growth in general. Two edaphic factors directly

_ affecting the soil-water reservoir are the soil texture, which in turn affects the soil moisture
retention characteristics, and the soil depth. The soil textures in the study area were highly
correlated with the potential water retained by a soil at the field capacity (0.33 bar potential)
and the wilting point (15 bars potential). Soil analysis revealed that the potential water
held in a soil varied inversely with the percent sand and directly with the percent clay (figures

-- 9 and 10).

4 4 T.1H. Kearney, Li. Briggs. II.L. Shantz. W.J.W. McLane, and R.L. Piemeisel. "Indicator Significance of Vegetation in
Toocle Valley Utah." Journ. Agri. Res. Vol. 1:365-417, 1914.

45D.1i. Gates, L.A. Stoddart and C.W. Cook. "Soil as a Factor Influencing Plant )stributicn on Salt Deserts of Utah.-"

Ecological Monographs. V.26, 1956. pp 155-175.

4 6F.A. Branson, R.l.. Miller and I.S. McQueen. "Moisture Relationships in Twelve Northern Desert Shrub Comunities

near Grand Junction, Colorado." Ecology 57:1104-1124. 1976.

47o.:. Meinzer and R . are. "Gology and Water Resources of Tularosa Basin. New eieo." USGS WaterSuppl
Paper 343,1915. pp 11-55 and 176-207.
4 8 T.Ciett. "Groundwater Occurrence of thc El Paso Areas and its Related Geology." New Mexico Geol. Soc. Guidebook

20:209-214. 1969.
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IF-1-ISoil depth directly affects the soil-water reservoir, primarily as a dimensional para-

meter affecting soil volume. For two soils of the same texture, one shallow and the other
deep, the shallow soil would hold the lesser amount of plant-available water because of its
smaller soil volume. In this area, drought conditions can exist for most of the year, and soil
moisture in the root zone can be at the wilting point for substantial periods. Herbal found
that insufficient available soil moisture from April through June limited the growing

s 4 During the growim season, July through September, and when normal precipi-
tation occurred, readily available soil moisture, held at less than 5 bars potential, was present
in the upper 25 cm of the soil profile about half the time. The number of days when soil
water was available during the drought years was about half that found for years of normal
precipitation. Climatic data for the study area show the total evaporation can be 10 times
greater than the precipitation (table 2). This ratio was also reported by Campbell for the
coppice dune area near the Jornada Range, New Mexico.' 0 This indicates biological and

physical factors are affecting the plant-soil-water relationships and are influencing the dis-
tribution of the plant species in the study area. The potential evaporation/precipitation ratio
and the plant-available water held in the soil indicates that soil and atmospheric drought
conditions can exist for some time during the growing season. Factors affecting the recharge
of the soil-water reservoir and plant drought tolerance and drought evasive measures now
become important considerations explaining the plant distribution.

The frequency and depth that recharge of the soil-water-holding capacity could occur
depends on the initial soil moisture status, soil texture, soil depth, soil infiltration and per-
colation characteristics, and the frequency, amount, and intensity of precipitation. Water
falling on a soil surface usually infiltrates the surface and percolates downwards, thereby
recharging the soil-water reservoir. During intense precipitation events, surface runoff can
carry away much of the precipitation when the rate of precipitation exceeds the infiltration
and percolation rates, which can happen frequently during the late summer and early fall
in this area. Surface runoff in some parts of the dui- area can be a frequent event in view
of the number of small drainageways observed on t. ground and on the 1:50,000 scale
photography. These areas apparently have a petrocalcic horzon near the surface in the
interdunal areas. Because sandy-textured soils hold less water per unit soil volume than do
the silty clay- and clay-textured soils (figures 9 and 10), a given amount of water can fill the

4 9 C.11. Herbal, "'Fertilizing Tabosa Grass on Floodplains in the Scmidesert Grassland." J. Range Management. 16:133-
138. 1963.
50R.S. Canpbell, "Vegetative Succession in the Prosopis Diunes of Southern New Mexico." Ecology 54.1094-398. 1929.
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soil-water-holding capacity of a sandy soil to greater depth in the soil profile than for the
finer textured soils. Plants growing on these sandy-textured soils could readily deplete the
soil-water reservoir because the amount of plant-available water is rather low; generally less
than 8 percent. To obtain water from the soil, plant species must develop extensive root
systems that provide access to a large soil volume from which they could acquire plant-
available water for their biological processes. In the sandy soils in the basin areas, the do-
minant shrub species Prosopis glandulosa, Artemisia filifolia, Dalea scoparia, Xantho-
cephalum Sarothrae, and A triplex canescens have deep root systems (> 3 meters). The
grasses, also found in this areas, Sporobolus flexuosus. S. cryptandrus, and S. contractus,
have moderately deep root systems (about 3 meters), but most of the grass root systems
are found near to the soil surface (withiii 0.5 meter).

Plant species growing on soils with large soil-water reservoirs, such as silty clay and
clay soils, may not require as extensive a root system as those species growing on sandy soils,
since the fine-textured soils have a greater water-holding capacity per unit volume of soil.
Dominant shrub species on these soils were Larrea tridentata and Flourensia cernua and
the major grass species were Hilaria inutica, Aluhlenbergia Porteri, A. arenacea, Sporo-
bolus Wrightil. and Tridenv inuticus. Although the silty and clayey soils hold more plant-
available water, 10 to 15 percent, they require more water to recharge them once they have
"dried out." The recharge can be slow or negligble, particularly during intense rainfall events
of short duration. If water does not percolate below the active zone of surface evaporation,
the soil water would be lost through surface evaporation with little uptake by the plants.

The infiltration rate determines the amount of water entering the soil and percolating
through the profile. During intense precipitation events, a substantial amount of precipitation
falling on the fine-textured soils can become surface runoff, which takes away water that
otherwise might have been held in the soil profile for plant uptake. Surface runoff from fine-
textured soils on steep slopes, such as those found on A2, A3, and BI iandf,,-,ns, would
remove rainfall that would have recharged the soil-water reservoir to a considerable depth,
but because the infiltration and percolation rates decrease as the soil surface becomes wet,
only the upper centimeters may be wetted. Given enough time, the water falling on these
sites could percolate through the soil profile and recharge the soil-water-holding capacity.
The slower infiltration and percolation rates of the fine-textured soils in the lower alluvial
fans (B3 and B4) and the playas (C4) are offset by the surface water received from higher F-
elevations and slopes and by the greater length of time for the surface waters to infiltrate
and percolate these soils on the less steep slopes (0 to 3 percent). Although the infiltration W
rate drops off as the surface horizon is wetted, water is held on the surface for a longer time,
during which water can move into the soil and percolate to deeper levels.
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Each of the 22 plant communities recognized in the study area were associated more
frequently with one or more particular landform units than with others, as discussed above.
This was interpreted as the species of a community being adjusted to the soil and soil-water
conditions of the landform unit. Field and laboratory data show soil depth and textural
conditions varied throughout the study area with landform conditions (table 4). Because
of the effect of these two edaphic factors on the soil-water reservoir, it can be assumed that
the potential soil-water-holding capacity also varied. Species occurring on certain soil con-
ditions reflect these edaphic differences as well as the species drought tolerance and moisture
requirements: the more drought-tolerant species would be expected on the more xeric
sites, and the less drought-tolerant species, on soils with large soil-water reservoirs in the root
zone, and on sites where water from other areas accumulated or flowed. For example, plant
species such as Acacia constricta, Fouquieria splendens, Opuntia spp., and Nolina Sp.,
were routinely found on the dissected, interbedded limestones where soils were vei'y shallow
or nonexistent. This was probably the most xeric site in the study area, since the amount
of plant available water held in the soil was very small, although some water could be held
in rock fractures.

Larrea tridentata, Parthenium incanum, Bouteloua curtipendula, Viguiera stenoloba,
Sporobolus Wrightii, and Muhlenbergia arenacea were found on the dissected hills land-
form unit (A2) and the alluvial fans (Bl, B3) where soil depth was generally 2 to 30 cm
and soil textures were gravelly clay loam and gravelly loam. Soils on these sites had the
potential to hold substantial amounts of water per unit volume; however, once the soil
water was depleted, these soils probably remained droughty throughout the summer and
fall growing season. The surface decimeter(s) may be wetted by precipitation during the
growing season, August through October; but surface slope, soil infiltration and percolation
rates, and high intensity precipitation would prevent full recharge of the soil-water reservoir
during this period. Surface and subsurface soil horizons would be recharged during the late
fall and winter months by less intense precipitation events.

Prosopis glandulosa, Flourensia cernua, Larrea tridentala, Atriplex canescens, Opuntia
spp., Rhus aromatica. R. microphylla, Muhienbergia Porteri. Scleropogon brevifolius,
Hilaria mutica, and Panicuim obtusum occurred on the lower alluvial fans (B3 and B4)
on the deeper (30 to 75 cm) silty clay loam and clay loam soils that often times received
surface runoff from upper slopes. P. glandulosa was observed encroaching onto the B3
alluvial fans on the eastern slopes of the Franklin Mountains, but only along the threads
of the small drainageways. L. tridentata, the dominant species on this alluvial fan unit,
occurred at slightly higher elevations (less than 0.3 meter) on coarse-textured, shallow soils
that formed the interfluves. The occurrence of these two species on this landform unit and
their occupation of dissimilar microhabitats illustrates their relative drought tolerances and
water requireme its. L. tridentata occurred on shallow soils that had low soil-water retention
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and P.glandulosa occurred on deeper soils or on sites that provided a greater potential for
receiving substantial water. P. glandulosa and L. tridentata also occurred together in limited

FWareas of tihe coppice dune region. P. glandtlosa, the dominant species, occupied tihe coppice i
- dunes that it had created and stabilized where soil depth could be 2 nleters or more. L.

tridentata occurred as a rare-to-in frequent species where soil depth to the petrocalcic horizon

-I

==_ was generally less than 0.5 meter. Tihe sites occupied by these two species were very similar
to that of the B3 alluvial fan unit. L. tridentata occurred on the droughititr soils, and R'
a Pglandulosa, on soils having a greater soil-water reservoir, or on sites that could receive water
from adjacent areas . P

SThe presence of L. tridentata on the alluvial fnand in the coppice dunes on cal- !
rdcareous soscs where the petrocalcic horizon was close to the soil surface illustrates the ratherI

wide ecological amplitude of this shrub and its association with calcareous soils. Shreve and
Mallery found L. trilentata on soils highly impregnated with calcareous materials, but it
gwas only infrequently found or was absent from sites where caliche was absent. They ob-i
served that the vigor of L. tridentata shnbs was inversely related to the depth of the petro-
calcic horizon. s I Hallmark and Allen concluded from studies in western Texas and eastern

-- New Mexico that the distribution of L. tridentata was affected by the gravel content andthe depth of free calcium carbonate.52 L. tridentata shrubs were found on calcareous

soils that had significant amounts of s avel; whereas, noncalcareou s low in gravel tend
to be devoid of L. tridentata shrubs. These previous studies and the findings of this study
support the association of L. tridentata with aavelly, calcareous soils. This association

was most commonly observed on the alluvial fans, but occasionally was found in the coppice
dune areas. L. tridentata was found on most soil conditions and landform units within L
the study area, which supports the view that this species has a rather wide ecological am-
plitude.

5 3

5 1F.Shreve, "The Sand) Areas of the North American Desert." Year-Book of the Association of Pacific Coast Geographers.
V. 4,1938. pp 11-14.

5 2C.T. Hallmark and B.L Allen. -The Distribution of Creozotebush in West Texas and Eastern New Mexico as Affected by
= selected soil properties." Soil SciAmer. Proc 39:120 , 1975.

"3j,1t. Burk and W.A. Dick-Peddie. "Comparative Production of Larrea ditwricata Cay. on Three Gcomorphic Surfaces in

S -uthem New Mexico." Ecology 54:1094-1102, 1973.
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Flourensia cernua was found on some upper alluvial fan units on very shallow soils.
The species had its best development and growth, however, on the silty clay loam, loam, and
sandy loam soils in the washes and on the B4 alluvial fans.

The extrapolation of the relationships identified in this study and described above
to other areas is a matter for continued investigation. Observations made adjacent to the
study area show that these relationships are applicable to other areas where these species
occur. Problems may arise when extrapolating these relationships, in that ecotypical differ-
entiation within a dominant species could change its tolerance limits and, hence, its landform
and soil relationships, even when comparable landform units and soils conditions were en-

-countered.

The plant community-plant species/landform unit-soil condition relationships de-
veloped here point out the significant influence of soil texture and soil moisture on plant
community distribution. A plant community occurring on one specific landform unit might
be found on a different landform unit if suitable soil texture and soil moisture conditions

-were present.
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____ _ _ _ _ _ _ _ _ _ _ _ __ _ _-

CONCLUSIONS T

1. The identification of critical plant species and the identification and description of
22 plant communities from phytosociological data collected at 294 sample sites were readily
accomplished using a computerized version of the Tabular Comparison Method.

2. The Tabular Comparison Method and analytical procedures were compatible with the
aerial photography interpretation procedures for locating, sampling, and describing potential
plant communities. The plant communities described from the phytosociologic-! data were
mappable on the 1:50,000 scale panchromatic aerial photography using the photo tones
and textures associated with the plant communities.

3. The plant communities inferred from interpretation of photo tones and textures required

ground truth data to identify between dominant and associated species. .-

4. The distribution of plant communities was found to be closely related to the soil and
terrain conditions of the different landform units. The five major plant communities that
covered 94 percent of the study area and associated with five landform units that accounted
for 80 percent of the landforms in the study area were identified. The associations were:

a. Mesa (Al) with the Grassland community (10A) Bouteloua eriopoda - Bouteloua
curtipendula.

b. The limestone and shale member of the highly dissected hills (A2) withtheBouteloua

curtipendula - Parthenium incanum community (16).

c. The upper and intermediate alluvial fans (BI. B2, B3) with *he Larrea tridentata
(20) and Larrea tridentata - Grass (21) communities.

d. The speckled sand dunes (coppice dunes) (Ci) with the Prosopis glandulosa -
Atriplex canescens - Xanthocephalum Sarothrae - Sporobohs spp. community
(50).

e. The dark-toned sand dunes (C2) with the Artenzisia filifolia - Sporobolus spp.
community (60).
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5. The 22 plant communities were commonly associated with certain soil conditions:

a. Sandy textured soils, more than 30 cm deep.

b. Clay, clay loam, loam, gravelly loam, and gravelly clay loam textured soils less than
5 cm deep.

c. Clay loam, clay, sandy clay, and sandy clay loam textured soils 15 to 30 cm deep.

d. Clay loam, silty clay loam, clay, and sandy clay textured soils more than 30 cm deep.

6. Soil moisture constants for the 0.33 and 15 bar potentials were inversely correlated with
the percent sand of the soil samples and directly correlated with the percent clay of the
soil samples.

7. The upper and lower limits of plant-available soil water, field capacity and wilting point,
respectively, were related to the percent sand plus the percent clay of the soil samples by the
following multiple regression equations that had multiple R coefficients of 0.96 and
0.93 respectively:

FC = 25.51 - (0.27 - sand) + (0.10 - clay)
WP = 10.04 - (0.11 - sand) + (0.! 1 • clay)
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APPENDIX A

Location of Sample Sites at Fort Bliss and Adjacent Areas.

SITE TOPOGRAPHIC GRID PHOTO PHOTO
NUMBER SHEET NUMBER COORDINATES MOSAIC NUMBER

1 4747-4 638368 1 137
2 4748-2 968470 1 75
3 4748-2 96847i 1 75
4 4748-2 987445 1 1V1
5 4748-2 987445 1 103
6 4748-2 972410 1 103
7 4748-2 972410 1 103
8 474C9-2 56993 3 313

9 4749-2 56993 3 313
lb 4849-3 66991 3 313
i1 4849-3 66991 3 313
12 4849;-3 78975 3 313
13 4849-3 83976 3 313
14 4849-3 80978 3 313
15 4849-3 121995 3 293
16 4649-3 117993 3 293
17 4849-3 135971 3 293
I S 4849-3 220003 3 274 r
19 4849-3 22000T 3 274
20 484.8-4 155955 3 293
21 4848-4 155956 3 293
22 48d#8-4 217941 3 272
23 4748-1 990F35 3 12
24 4748-1 99U825 3 12
25 4748-1 994828 3 12
26 4748-1 8835 3 12
27 4748-1 8835 3 12
28 4748-1 27835 3 12
29 4748-1 27835 3 12
30 4848-4 64898 3 295
31 4848-4 61L898 3 29:;
32 4748-1 57905 3 295
33 4848-4 132927 3 3.1
34 4'848-4 132927 3 2.95
35 4848-1 113916 3 295
36 f#7418-1 995794 3 12
37 4748-1 995794 3 12
38 4748-1 15788 3 12
39 4748-1 23792 3 12
40 4748-1 23792 3 12
41 4848-4 67823 3 12
42 4048-4 67826 3 12
43 4:348-4 67820 3 12
44 4848-4 83827 3 30i9
45 4848-4 125802 3 3P9
46 4848-4 123802 3 309
47 4848-4 139795 3 297
1#8 4848-4 139795 3 297
49 4848-4 161751 3 299
so 4848-4 152736 3 299
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APPENDIX A. (continuted)

Location of Sample Sites at Fort Bliss and Adjacent Areas.

SITE TOPOGRAPHIC GRID PHOTO PHOTO
NUMBER SHiFT NUMBER COORDINATES MOSAIC NUMbER

51 &748-3 780501 2 89
52 4748-3 780501 2 89
53 4748-3 775520 2 89
53 4748-3 774518 2 89
55 4748-3 78562 2 89
56 4748-3 7P 9578 2 89
57 4748-3 709578 2 89

- 58 4748-3 687504 80 
59 4748-3 688505 1 80
60 4748-3 685501 1 8P
61 4748-3 685501 1 80
62 +748-3 683502 1 80
63 4748-3 6 87502 ± 80
64 4748-3 682503 1 80
65 4748-3 683532 1 80
66 4748-3 657558 1 40
67 4748-3 660577 1 4e'
68 4748-3 660577 1 23
9 4748-3 658631 1 23

711 5.647-1 550 28 .o 1 ±40
71 4647-1 550280 1 W4 .
72 4748 -2 4553 3 t8
73 4748-2 2553 3 t8
74 4748-2 966c"3 3 23
75 4748-2 967597 3 23
76 4748-2 984556 2±
77 4748-2 984556 3 21I 78 4748-3 815.91 1 T8

79 4748-3 815491 1 78
86 4748-3 818491 1 78
81 4748-3 8±8491 1 78
82 4748-2 15527 3 18
83 4'748-1 907719 3 6 C
84 4748-1 908718 3 60
85 4747-1 10262 1 Ise
86 47417-1 48294 1 ±30
87 4848-3 73582 3 3"5
88 4848-3 73582 3 305
89 4848-3 92645 3 306
90 4848-3 92646 3 306
91 4848-3 148593 3 301
92 4848-3 48;9,t 3 301
93 4748-2 28626 3 315
94 4748-2 28627 3 315
95 4848-4 66780 3 309

9 . 48485-4 66783 3 319
97 4848-4 120730 3 309
98 4848-4 135706 3 309
99 4S48-4 135706 3 309

I 1A 4848-4 131709 3 309
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APPENDIX A. (continuted)
Location of Sample Sites at Fort Bliss and Adjacent Areas.

SITE TOPOGRAPHIC GRID PHOTO PHOTONUMBER SHrrT NUMBER COORDINATES MOSAIC NUMBER
101 4848-4 131709 3 309102 4747-1 824403 1 101103 4747-1 8244P3 1 10110I 4747-1 863407 1 101105 47 47-1 86W40? 1 101106 4748-2 857437 1 101107 4748-2 856588 1 42108 4748-2 853552 1 42109 4748-2 853552 1 42110 4747-4 614327 1 138111 4648-2 555590 1 38I12 4648-2 530606 1 25113 4648-2 5236.2 ? 2611l' 4648-2 502645 1 26115 4749-1 2964 3 30116 4749-1 975972 3 30117 4749-2 962975 3 3C118 4749-2 95292c 3 30119 4748-2 911646 3 58

120 4747-Z 46835 3 11121 41849-3 68155 3 316122 4848-4 1498.9 3 31123 4748-1 35798 3 13124 4849-3 259D98 3 275125 4848-4 164812 3 3117
126 4849 -3 276n68 3 27512'p 4748-2 25463 1 73128 4849-3 265011 3 273129 4849-3 219025 3 373130 4748-2 683503 1 4P131 4748-2 682503 1 40132 4748-2 683503 1 41143 4748-2 687rJ3 1 40134 4748-2 687503 1 40V
145 4748-2 687503 1 40136 4648-2 558567 2 15417 4648-2 55q567 2 154
138 4648-2 559567 2 154139 4648-2 559567 z 154140 4648-2 525524 2 1541 - 52464'8-2 52r5Z4 2 151.142 4849-3 233008 3 274143 4849-3 233008 3 274144 4849-3 194995 3 274145 4849-3 194995 3 274
146 4849-3 160982 3 293147 4849-3 160982 3 293
148 4849-3 160982 3 293
149 4849-3 134972 3 293158 1#840-3 1349?2 3 293
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APPENDIX A. (continuted)

Location of Sample Sites at Fort Bliss and Adjacent Areas.

SITE TOPOGRAPHC GRID PHOTO PHOTO
NUMBER SHEET NUMBER COORDINATES MOSAIC NUMBER

151 4849-3 134972 3 293
152 4849-3 87977 3 312
153 4849-3 87977 3 312154 4848-3 100615 3 303

5 74' -3 '777502 1 78
156 47 48-! 777502 1 78
157 4748-3 7885n7 1 78
158 4748-3 788507 1 78
159 -748-1 994827 3 27
160 4848-4 98762 3 3W.9
161 4848-4 98762 3 309
162 4848-4 98762 3 309
163 4848-4 129721 3 299
164 4846-4 129721 3 299
165 4848-4 1±5726 3 299
166 4748-4 584432 1 97
167 4748-3 582433 1 97
168 4748-3 613445 1 97
169 4748-3 613445 1 97
170 4748-3 613445 1 97
171 4748-3 763417 1 99
17Z 4748-3 763417 1 99
173 4748-2 862437 1 75174 4748-2 864545 1 42
±75 4741-3 604431 1 138
176 4748-3 604431 1 138
177 4848-4 102852 3 31
178 4848-4 119854 3 31'
179 4848-4 12385r 3 310
180 4848-4 123854 3 310
181 4848-4 124846 3 310
182 4848-LL 117949 3 311'
183 4848-tt 103849 3 3i
184 4848-4 103849 3 310
185 4848-4 101849 3 31'
186 4848-t 103841 3 310
187 4848-4 122813 3 310
188 4848-4 12281. 3 310
189 4848-4 136825 3 297
190 4848-4 144822 3 297191 4848-4 144824 3 297
192 4848-I, 139825 3 297L93 4848-4 118815 3 297
19 4848-4 144856 3 297
195 4848-LL 146856 3 297
196 4848-4 133863 3 310
197 4848-4 133852 3 297 1198 4848-3 102610 3 306
199 4848-3 102609 3 306
200 4848-3 104610 3 305
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APPENDIX A. (continuted)

Location of Sample Sites at Fort Bliss and Adjacent Areas.

SITE TOPOGRAPHIC GRID PHOTO PHOTO
NUMBER SHEET NUMBER COORDINATES MOSAIC HUMtBER

2"1 4848-3 105609 3 305
202 4848-3 130668 3 306
203 4848-3 130668 3 308
204 4848-3 132583 3 306
205 4848-3 137569 3 301
206 4848-3 151586 3 301
207 4848-3 155590 3 So1
208 4848-3 146588 3 3nl.
ZU9 4748-1 977876 3 28
Z10 4748-1 976875 3 28
211 4748-1 976876 3 28
212 4748-1 967881 3 28
2 17 4748-2 867479 3 54
214 4748-2 853452 3 54
215 4748-2 8839#4! 3 SB

216 4748-2 893463 3 54
217 4748-2 888458 3 54
218 4747-1 968382 3 1n4
219 4747-1 968382 3 1"4
220 4747- 968378 3 104
221 4848-7 72575 3 306
222 4848-3 98599 3 306
223 4848-3 98599 3 316 I
Z24 4848-3 145667 3 299
225 4848-3 146668 3 299
22f 4848-3 148668 3 299
'2' 4848-3 148668 3 299
?48 4848-3 140660 3 299
229 4848-3 148669 3 299 US

230 4848-7 149669 3 299
231 4848-3 150671 3 299
232 4848-3 149671 3 299
233 4848-3 146670 3 299
234 4848-3 146670 3 299
235 4848-a 132585 3 306
236 4848-3 133586 3 36-
237 4848-3 134583 3 306

- 238 4848-3 147615 3 301
239 4848-3 152623 3 3nl,

- 240 4848-4 117711 3 308
241 4749-2 989781 3 25
242 4749-k 995771 3 25
243 4749-2 45851 3 3±0
244 4749-2 43851 3 310 H
245 4749-2 54859 3 lo
246 4749-2 46899 3 10
247 4848-4 81906 3 310
24.8 4848-4 186905 3 295
249 4848-3 101610 3 306
250 4848-3 104610 3 305 1
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APPENDIX A. (continuted)

I °Location of Sample Sites at Fort Bliss and Adjacent Areas.

K SITE TOPOGRAPHIC G RID PHOTO PHOTO

NUMBER SHEET NUMBER COORDINATES MOSAIC NUMBER

251 4883 105616 3 306
252 4848-3 114659 3 306
253 4848-3 141563 3 301
254 4848-3 147566 3 381
255 4848-3 135586 3 306
256 4848-3 135587 3 306
,57 4848-3 136587 3 306
258 i847-4 94.,35 1 £29
29;9 4849-3 72082 3 314
2o0 4748-. 25469 3 19
261 4848-3 62444 3 19
262 4748-2 39524 3 18
263 4848-3 68513 1 73
264 4848-3 136r05 3 304
265 4748-2 916574 1 44
266 474 8-2 947594 1 44
267 .748-Z 22653 1 16
268 4748-1 12693 1 1 E
269 4849-3 1270 5 3 313
270 4849-3 198063 3 292
271 4849-3 180177 3 292
272 4849-3 197101 3 292
273 4849-3 165113 3 291
274 4748-1 828775 3 49
275 4748-1 823773 3 49
276 4749;-3 58077 3 315
277 4849-3 72C82 314
278 4849-3 113±04 3 291
279 449-7 84084& 3 315
280 4849-3 92028 3 313
281 4849-3 84019 3 313
282 4848-4 193734 3 299
283 4848-4 118e93 3 308
284 4848-4 205746 3 298
285 4848-4 257714 3 268
286 4848-4 258715 3 268
287 4848-4 719267 3 268
288 4848-4 284749 3 268
289 1747-1 957286 1 132
290 4'848-4 234932 3 271
291 4848-4 208824 3 296
292 4848-4 289885 3 271
293 4748-1 18855 3 27
294 4748-4 28884 3 11
295 4748-4 3024 12
296 4848-3 87517 1 304
29i 4847-4 157213 1 166
298 4849-3 193063 F3 291
299 4748-1 994827 3 27
302 4849-3 1270"S 3 313
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APPENDIX A. (continuted)

Location of Sample Sites at Fort Bliss and Adjacent Areas.ISITE TOPOGRAPHIC GRID PHOTO PHOTO
NUMBER SHEET NUMBER COORDIN4ATES MOSAIC NUM1BER

303 4849-* 87977 3 3:12
304 4848-3 87517 1 504

142H



0
-j

00~ 00
X4z. xr x zzz xxz ~ 4 4t 4 3 44 < 4 dc 44 441 4 4wo 00 030-000 0 0000 00 x-o

-j
WI-a30 4 V0 30- w 0 : . > - >- 0- J.zxJ0 0 >-~ -X0L zV xC V It( 0 1 4 0 1 0At 1 0 4 .Jd d 4 4ddl a U.Jjo ..

w -4 dl <j - -j a b-j 30 Jj0 - j- - J00 J-
I.-U- 00 - 0 1 0 0 10-000Jj0 oo O .J -1 0 -1 j 0

04 d9O. 4Z ZZ Z 4X4XZZ Z-JXZ Z ZZ Z Z ZZ Z Z 49Z-C<Zh<

CD0D 4 Nm m m o wf*.4o m4 O'rt.- M 4

m iwNr q 4wNNNV uim fW N:. mD wOI j m~~~ V4.4 4 V-

-a L

2 .2:

0=00

00 C'

- L 
w0 .

02 M4. M 4 44.4 V4 MMMMo4 %M WNtM

IL 00 0 U.0 0c 0 it 1 1 1 1 6 1 1 1
2: o wcr= == == i .4.4.4..4.4.4. .44 ~ N %~ O MWM ICt~ £fl3mm

V- to cu

4ZZ

-i U)

143



* 0

-M 20 4d 41 x-do - 4

to m So-
09 C. 0e 4

49 c 41 -I K1 0K 1 J JCE_Z W ~ _j 49 41 4440 4J-J
WOOC O 0 0 0 ~-- 0 00 0 -)

-S .J 41 ..1 j.-J -1 4J j 4 j

XC1. 4- 3EZ4 wZ 444 444 :4 K1- 2- k >
-=N.. W 302 )- -:1 0 0 0 0 J 4 40.*0 to- n

o 1 -0300 39 -a

C2-

z a c %f 4 2L n* ML 4MC**9 h tW"C %9 O% l f 04
V)4 0U D v %U )-t4 0 %f) 4% P% n%

0 U2 I-2Ux

W -N V) % D 4 0 7 b 0m 0 M 0 - a N0 M0
7) o m1 W Dq D0 D00W0MM0MM0 - ltC D( D(

9L o a X WvOK 4v

z

z 0,

Ca w mV4 w NOC CtC-Q 'O'01mO aO C N m v r# 0 IS

Q v4 . 4.4.4M4 44M v4W Z- 4 W 0vfq4I

OM It-,~-~'

C2 VUK -4 . 4 .4m V 4 cmI- V4v4.4to

La W

-i m m IA m A A m m S m 0 m m 0 %D 0 0 %0 w

Cl ~ C U C ft C UhCC C CC U .4o o U'~D 050 C L~;50a

.j~o W4 4E 4 . 4 4 f) 7* Ci0 7 4 .P

4W4



- _7

0 0

o 0 0jc.) 030 0 0

z :1)0- 44 < 4 <

= O .~).000 0 0 -
4444 ZZJa .5 1 4z x .- X 4 IE

L -Z 0 0 < -1 t~( 0 -j <0w3.q

'-4 - .Jihj .J j 1. j
j .U) ww w w w W W-3- -21 )-I --. 3w W w-> w

04 x4 c 44 m44 I c4q 1xzz A
04j 444w4ww4ww -9Zm <Z9 Z aqcZZ4 j w41 -4w <4 - -

0f. C3000Looo w0w ow Jo mm o wo 000w wo

C2 mt " 0147m I, 0O-tUcucl Cl 4 4 ~ Wto 4v4CJ 4 lir4 1) T M W f fd)UNq
LnI

W) *Z C2Q4MU 0d nL 4Cji2 4NWv 0MJ 4W-iN

_ 'I-

- tII 2

_ ~ - ~ ta.N

0~

- n 0 % N- oAwm(

LL. CD x q4 1. .u~qq 44

-3J
)<

Z

=~v wu2 .4. 4 v4 44.4 14 44

W 0

C2 cm 14 42 .4 m 4 4m 0 w.M4m

cu-~ 24 v4 . 4 4P Av%U 4A .4 wo

M4U)" MO W W* M= W W O

.W u

w_ j



ar

4 3xa0 0 0:0 0 203PU
x C -Mz - 7 z ~ c : 49 1 0 c4

W a)- 40) .900
4 4.5 41 ul.OJ 0 j 0.J 4 1!

-1U) 1-30 :p 1. w 1I w 31 40
1-4 W .- x0000w 2- 1 M. 0 0)-U :1-).U)*,to)t.0

w404044> V N M wt) 4 W )41J 0 0 4 )- a
CD5* x . WQ .-1.J 00i W V4 V4 V4 m PJ U w 6

-4 V Notov( mw t. NP-M ) t- c" Nw V -0% mr w
C3.-

41n9

uj 4 . 4 4w2V V4 l-14

V4 woCI 4 uq 4 V4 wo* _A w

t -w -- - -- is

Q. U)

aZi-

I- D O 4 l'w0
4  

" 4D 10 C2W )S % 0F- W=W w4 f.

Iii 4 4 14 D4 3 ac I aLp4 Dc eV tv lV twWW
W W) e 4W W 4 v4e V 4 44 W4~qf N WWWWV WWW

12 Of
-j IL S S S S S S S S S I
4L~ OD % D0 D lI )4M1 0 WM- t% - 00 .w 8M1

Ine " "t W WWt "" "0" "MM - P4&-
z V4q4 l" q V4 VI4 V4-4V wtw4"v v~w V4 4 V W4A WOV4 ~w4v4 w ,4 4 w

146



41 At .4 -- ~ -

LLJ 0

cz 2:2 w: at4 4l -
J 4 48 44 1 1 4

0 0 ) 00 0n 3o txU
-X L)..- 2: 2: r 4 .o ma a4

Lt-4 04 0 o 1-1 q 0 -

H n:,,>->:&.)o 21o to >J..0... no... .0 >. .30 1-0 )100I...

C.-
Cm v-4 D UJfl% 04~U 0 0 0 k

z

H L

W C2:r v4q.4 ,4

Z~ 0

Ez W

a.

CY z T-i4 v4 q4 v4 -4 4T14 v

v4o'v4rva -I 4 4 v4 -H a 4 va v- w4 v4 N af v4 m vi v v4 vi qa a0 v4 T4 S I V
-~f X: 'aI~

C3 L D - r.4 4 -1
In

LJ L

-LC 4D ON .yYi.4 r %0NO 0 I tNkf 4v44yq =.4 4 Nq .SknDN GOO

147



j . j . i n i 00 00n

1-41 -
JK ~cn.

-C x 9oxzz 4%9c4z4 zzo zz4 4 za- -V)- 1- I ic ji- c <04 q- 94 d0H"4
0 )C)-iV )C) DC ) 3V 'V)V )c

1 -~ ~ , 'l oAt ) D% -4 N 4NV o 14 0 Pc

2: V4 T4 4 14 V4 v4 W4 - 4r

L..

w T XU v4 v4V4 v4 r4 4 .4 4 .4 A 4 4 Ty44 V4

04.

W='2

jw

wcw

cz

148

7--



-j 0. T4 T4 V4

W 40. t

w I

LA

0 4 ce

m- T ~ ''4 T4 0 mE mD~i
~ 0 ~ *,4 ~4 C CU q 4 N VU.4

0 Se

L 0) 4- .3m-

: ~ I

w 9w

C,, cmf 0I aV

4w 0 14 V

ca ttU L mA 4 NG

~~149



T

m T4cliU% W cl Ul C2 o 00 O do V)C) Co.0 w0 U

1-4 Z0 v t v4v 4A 4A 4v

Jnw v4 v v4 w4 4N'A V.4 v4 C4 V4 AAviq4lv v4 -4 Hv4 4w4Av w

4 0.

Wt : @. M 4P W 4 @ 0 CO@ 60 * C3 0 v4 N0 M UN UN 0 f
Ng4 N.W414 W4 N1 4NNNv lNv 4 N Nv NWW V)1 144

N C3

0ftli v41 M 4 WM 4,W0-21441 414141M 44 4 41

L3

0j I
LL)

V4 V4 vi 9

(A z

1- M VViH 4 V4 N w w N N N 4 4r.1 w~41( N9 .N N N N Nv N0C~ Na N -NNN-

~~ISO



6-4 w NA CD G VD~ q

N CU 0% NC 40 4 W 0 D N C ODa CD*4. 4

a 0090 0 *6* 0 * 0 9 00 *0

4% Z C o 4 4 40N D 0 F% Cj PN 4''D W %0 v40 N 4 r LO 0' LO
0 O. 4 4 4 w-,4 -4A r4v

-

I- 'CO Z I -4 Cj v4. v4 - 0 N.. N v-4 vi N .4 N N- sfl 4f N N .

(flD 1 4. P4 (7 - 0W 4iL4O - U 4 N0 4.N4
. i~ I l (.N I 4N tCj ~ A(Jf) 4 )C %

00

12.5

0e

X ~ ~ ~ r . 4 N C U i

ww l
0 ~ j U2

w n mN-P-

W ri00. ZU .S NC T 0 WOD D4) W O CI40 .4 -0 N CCJ40 C
I. ( T St' wc 0c o(% *C nWO

vS v 4-lv1%Iv 4v 4 6 )I l

~~151



40.
CL

0. I

Zk I' ' ~ 1 N~ e
(A t" -4 r

w e I

W~ (f LI v 4v 4v lv 4v v4 AN 
4  

v4 m T-

40..

r-. Nw q40D CY 01 c) 4'w y 4 c\J 4 u fn q.4 4 0%.

w cnw

C3, C3
w

>0 I -vW C= C
((0

0 U. N (4f V 4 v

M N. rqi )t -1. - 2t

La T4V

Ow .~ CvV %40 40 %D ta( 10 V Mk I %Nf

z I

152



Q- owN NNow Uw o co

4C 1 4vN-4 A ,4AA. 47 A 4
a. I.

(I

En ca W A I 14 A 4 Ar 1
4

A

UN 0

I-i Ce I.

A N A O fl- co4 C3 N t fl')q4 t, f J.N.4Y4
to 0 qAN N 5 4T

V.

05

V) I-~z
U ~ U

z- w tr DMU y t 3S L nr nCi' D\

Ix I I I
*aC- pC 2UC a C Dc *N2 3I

0 LL. V4 *4 4 (71 AJ A~tON D~D

0- ~ ~ w %OO DJ*)- N w N N.SM

Z~l r44 . 4 r '

O4.. N .w 4 N4 N' Ui M- t.r 4

F.- w % toD 0 %Dco o o, t-co % 4r *3 3 t

A A 4r 94 U A N N N 0 N CJ M IV)

z

153



40.L

a.O

w I

(M w
-4 Z (It

V) ~ca
n0

V)f to .

-4

LL. W L- C

W LLJ -aL

IS



< (L

4 v.
(L

m N *~ N Go 'o % * to 0 % ot%.0 0 In V) U .t M.%

cn to C u 0 C AJVt. N )4

*n 0
xw

a.

-4 4 2 . -t 0 4 j %D N N Nu itN 0, '0 N. W to %D N. M0 4 0 m~ cow M'
O~ 1 V4 Cu W-4 V4 v4 *4 v4 4 v4 .4 -4

-~ ~ ~ - # A ~ v4 *.(.N 9 444trC~trT.4.4 tC~''9 W -4N~

'.4 Z .4J 4n M4 A.0 o0 n( fC %V O % nf 0 ,4 ( Y' M

zE IU

42 GO 3 c
~~v 0% M v4~ M N t N t .

- a

.1 vi 440~l)CJv, A4E vW4'40 v4 w4 CU00 0
4n S

C 00 o Uv#Cvi'.4 v40" '.A vi v44 v4 vi v4 I4 A .4 iLM Nt CY NS fl CW W

~ 949 Cu94 v4~t 94C)O 4.155'



a. 0 . N Ncor.

(m - - ur)C 4 .,0 t -

MIL
tA 0 Ar- I

N4 U( m d m~ 4 .- t m 4 4. 4

V4 f -1V 4U4 f 4V- . --

LU ~ ' Z tri 0% ) 4u 0% Nf M~ 0, it. N( P IX 4 7:

U~t~,U

vl~~vv 4v-v- v4%

A w

< V ) z

.15



'- t U%4 O40w a tdoC 0 NM N

1. 0 Lr4 Ln(IJ U- UfW N J tO f 1-0 1- ! Cj 4 -t t %D t ',O cj)

L(% ~ ~ ~ ~ ~ ~ ~ -W)4 N l s N% tU fv l- oC 3L

RW 1 4 O'uO

co .44 4 W 4,Vvcz

C2E 11.111111144~~U~(J N~ C

4D W # 4 toOD 04 L Ln A t 0 % Ln(M C M
'I 4W NN Iv4 -) r~4W 4 v--f1m57W

V4 C-t



1= IZ
U) I

<0. ) 00 U')r

coIi N .- ' d C.4 y-4 .4 4

to I

#4 I) 4 'D o) m) r. tA4 M )

(flOW14I D w N 4"h- 4 N'

'.4 ~ ~ . f4, Mf 00 ON %D CM'5U~4I

M c3C PS 0Mtic

U. 44 V

a. co 460 f- r1l).4u 1'W4 '.C

-E Z

14 v- v4. v4 WV)N.t IN4INJM
cn

0. = C t

2 tai)0.-tO158



a 4

o CK

4K N

a u'

a cy

ae a
a N

a0

F 4

0.01
4 .4 5) .4X

-j Z S
c lo 0

6n V I A U. 4A~n Unc " t

-I* -o :VIN w .. W3w
-. ww

W 0.4w A -w-w .w -jj w

>4 * ow U N U 4w

S,4,

4 .W 3 a. U

00

Ow V a n9, 4 e N ft. 1Mf f *fMf 4

oo ofv0.4 v- ,I

0. W..4T

N 159



o or

0*W

101

ell N . +.

* zN .

* Pt 4 N f if if i N .

* *4 4 iff if f - t

0cc

OSK

o3 .s N N.

o in

0*

S i N if if f 4 **i 4 IV.

~;; ~ * N.4

if. zi 4w& x

At MW A '10 -if

if N-- 'A xN& o a F0 0

- * S N N N 40t
X-Z -W66 LSI 23a = A : u w x u

Au" *-J 3- z4 W0*

-o .z~ zooA =f c~ gz-
-=b ;Oi oL Z at Xx =I W

-X o " SWng- = z=&J

* N Pj NM a a NA u
A. zr5 Min, W = W ~ ~

- 9 4 -A A 4 a N x

C, &= a AC& xx IntN 4

-. .1 fl '4 N160



.04 4 N t. a 4.4 .

* N Nf 4W

0.0

.1 4u) 4a Q t .

3 N0
CO e

.00

o N
.0 . M 4 4. ArI
Co N

04

C3

0' . f Ny '0 .4= 4

F.4 >44 CL9oCwiOM .0o 00.D0 - o-
59 .2 *10 .4 4 N
-wv g0

z zoo s 4 0 0= .W M 4L

zcown- 4-Jc 0' N .4wM

-j OM3ON:.Q MM L
:. W0.0l o o CO0

coo 00 4Ccxj w E4 at

co 0 .4 eN 4 Nu U% 4
,. 4

>4 '16 N



II

!N :k W
4*of

ONN

t4 N of 4

4r 4 '

4.4 a .'. N 144

ONw w

4.4 ac N 4 ctc

04

lo N 4

w of

4J) >4 w4 '

Sw to NA a' 4 N w N w c u

.2 v
- 0=0'u 

I -
=

o-a c " w w4 x Q. . .41"
j .- 4A.

a o i2 N4 N3 3 ww~ o 44 4Z

Nne a. tw' N l * -4 4ow.

'Uf . .t 4 Na + to

oo ac N4 4j NN'* 4

00 fmt3~N.

16



oaD

04
V -.

qIV

atN

eqy 4

V.4
m~ .1

eq-I

n"4 "i N D4 :*

.41 Q1 -4 CL aJCw

.4z Wez .400 .

L.4 ~ z an0, V
.4 =4 N N.- Ncc mu az.4442 m w

0-?) M= W Z 4j"J -5. CWWa

an NW W t g -x o y ".4- j 01

a .4 .1 N .4 .4 Nu

C-I"

.4.4C N -4 N *N4 4 4.

.42i

- .- i4N 4. 40 4NN .163.

ONi



I N % N
A UNC

,1 4N N

0%D

U 0
.440

.4 -t . . . 4 .

-Z P4.+

10
V)4 N. C N +

-0 . 4 4

cuN

Y4 4.

0

A4 j4 N NN4

t . % NCie

in

o U%

C-1

+4 w 4 .N 4

L S

- N.

-- 0 0 0 N

0 1-jz0 LL 0 0 n CD - 0 zN. '4 -0'U
.14. 4 L dt 4J 0 4, 4J W xC 0CL0 -i 00.0 o I M. 'K 000N = 2

00 W o4 .Jz0 4 0 4 0 0 0 p 4j.4 fZ- .040 4. 0

Vz .J0 f Q.0 2.J U.N0 w-00.NZZ Z2UL Z 04xt Nu-C .0.40 00 00.'- .
003N"mow x mo 0-1"" OWO0 x44N o .w 4 & 4mm -.0 .. :I-4 -4 0 mwwwoo D=M .. Ux
OZ0 w4-." 4404 (4 ow ".4K 0. .4.-0. 4.4440 0.C3WNXJI4o-.44-ZUNwx

oJ) & Z00 ne.0Z0.4N4 w0Z4~1 -4-0 w*Nww N 0000NN IN 2

-9- OOOLUW WO u jz AL-Nt -. Sb--I-0 m 3cI 004-4-4-04 W 400. )0.0

W04( N - .t4l- . 4. 04 ) W. -D0 N 40. 402 M 44 0000 10 0 N )- 00 W4 00 0.W.04
CL M 444 u 4 000 .U 200 .00# -- 0 0 0 0 222044NNNNNN4

164



m Ne

00,

04 .1 N 44 *a- ce4a4 4

00
-~ 00'

oo +

to a'ef a +

0Y 44 N N4 4 a-r

0
04 0Y N ce 44 aN

V0
s-4 to .ae4-.4 C.j- 4

04 to

0.4 U

0Ad
0.4 . 4 4 N C a 4 t

Z 0

0r or. V G

0.4. N 30K a-4 ODW Z4

CF .0K 0 UW
0.49 N 4. N 4 a- .40

-x o 03~c~ 00C , -C
OX 72Zw

.4~~~~~~= = 0. o 4 4 44. x

M: 0. inf 4o4 .44 .4N a

0.4No in 0 UZ9 CIK -M4 0. N444 4 4 -

16



+ *e

4 N W4 N of W

or N

SN W 4

SN Nl

Of n

a N 0&
ty1

SN~c N - .

SN II N 4 4 .4.4 N

SN .4 44O 0
SN N e .c 4 N a4. 4; Wu4

A 0.4
- WN U 4 Nam 2 0 4 = 4-t

00 
0 

a

-. WLVZ ON3. X2. N0 L4 40 [I--0 VCCOCj-

W&W SN 4 ( "I 4 N 0

- 4) 0.4-

0.4 m ' 14 

9Z.

~~6 HN54 '4



____-77 -~~.J-=

op.f

wN Ix ax N r

Qt

0
00 IX

4w N

00

00u

SN S 04 4

00

SN S 4 %a 4

00 f

00u. A

A N 0 o. fro

4..J

0= w0SvN~f J. -CA WA4 : W.4 24. 4.. 4

OZL-D t3 A j4 4 4 W0 C. M.4 U4 4 ft AN 4 . a44.0T

o0o AN z mwf4 Ww . 0 ow &aa

N o = S. Na4N .

N 4 I 02 .Pw -4 w ba0"c-O . ; .4f~ W C~~

N A P1 4A 4 Aww~ w c fv *. 4. 0 Nw

"W MW%

0.16a



UN a

0

cu .4 40:

0'D

SN w N *

0 IV

4 NN

0.0

aN- a a a

CY -0 Ne 40 w 4

.1N ru .4 af C. N. N

00' N N

--
U 3 zt m

CN 40. .

C6N el

Z 2 imN

.2 N

00 .4 .4

SN C.

ac gn z

o oSN -# a0 L 40 0. 0. . 40 - - U .

l. a0004- UWloSN N " N.*4 A0. 1- N Nw

4114 01

-Dm~m :II ====

-140 NwtI~

o SN wS , 0 . N. V,.4 w '

u! wN :% 4 *

- SN 40 9 .94 0I~4

N 9n w 0 N0 V f t4 No )N1 Ya Vt Z"04. 6 a 1 0C o444-

m ir a0 CY f V

w . 400414 aa04

11 0 .20 1. a co 0 40441040 47.- 4168N-



0%

00

N4

4.4 N 4 4. N . N

0%
4.1

0'.

W.9 x N4 1 2 0. Na 0 .4=

00. 1.V . C .4 N jw ~ z w

14Wo -w W040 t 0. 0. 0 a

0.4.n =. ww a w w 2 zz )I jza : , w c.=

C. 0 467

4 4'. la 4 m0.wo .4 *

vmxw en m Anof m

0000 :7

Qw 00 3. 0 3. a 3.

CF . .. .4 .N

4.4 N 4a0 p W ,. t Nt 0. 4. M: 4

.4 cc 4. cy N N% .. M4n
.946

4. 0 0.N .169



w C2

It1 N w CC

cr. NN N ce a4

CMW

* N N 

1N Z 4 a, CC

.2 N CC. ac "4

Ca'bl - A aro-

W. N wfC N .0. N CC0 0

CMC0 0 -j N N w ftI,00 : m- 0"3 0

zN v: CC .44 ILC N.4"4

Qj N1 0 --0 0' NN0 - .4 .

ON-a N N4 t-N 0

0 N 3CC .

QW- x~o.A C.a' OC

=a IV COOW

'4-40 0=.,

ON 40 on a' CC 4

ON% aN 4o C5 ww mz4E * - CC

0170



- - ~ = ~ - -= - - - = - = - - ~ - - - - - - ~ - = -

*2 2 t

QN N

o of

a *e

oU N

C6* C3. . 4 *

0.Z.
t W

sj Z
Gon0 0' -

oci o" -

IN ,2 4 c~ X= U s u
c WW

ozw zx a -c's.=W
b=) Nut c c *,- 2 r z 2

-ootc-U 1--jo t lA z*wxo dj--f

*2 as Z*2z ,l z m & u
N- j cc, N*2 *2 iw

-i wo* .2x 0'"

ON *2 a. .

.2.4e *2 
*

Ok *20'o -W1 v&w o o oN 8

ft ft o~cl -av ef 4- N "It n h

'24171



I N I
aN U'4 4 ( 1,3

j cc

a~1 ce.4I

- N-4

~.4

AD4 44

Opup

-. -. 4 N1 0 U j :Z IO

IZ 0 .4W0

1±1, - : 
.SN P1= 

- -

.. Z 10 woo.

- Cad

oU~ .tN &D0. .C..

.Z "WN 03N. *

0.0-910

in t#4

* N N4142



0 4tv

.44 4 . .4 N .. 4

00'

.4 N1 N 4

0-of

ON

40~~f or N 4 4 ft.

or.0

4. tN .4 t(

'A'.v
Gm 0 cc N N-

c 1. N#a G. m o f o .4" w :N.4

0dC.08 0. 1-. = o u

- - & -j w4 Nw z .- 44 -4 - !

oo c w o f'

zo x- 00o w A- wj 4 -w
owA OF."A- olw w

4 z. Z j. ft -a cco ao

u0.0 . m o o~

.4A .3 N 4 .4 a

O17



Sp

.4 * N Nm W .4 4 .4 Nv
C, W)
C, N

P).4 *t 4f Nwe4 4 .4

p fe)

C',

I)4 *j 4 N ' e4 4 N
.2 M

4 i.4 U% N .4 NUi

ir
3, N

00 *~~c rUN 4 N

4.4 . 4yN .4 ..0 Nyc

W) 4.4 4v 4 W Nu N

ti 1.4 *N NN.

2 a .9
ow I 4o Al .

.-. C

-z ini

w .4 U N

-&4 in .

0~ 0 U .

on.
4 *N4 'n N

.W SN U .

vim*
IC '.

.4W' lot

NzI

.44 f0 54 '0 V -a 0: 31 0S s- z~~

-~~~E ON a4 -Ji P. W.00 WO W44. Va.. Z,3-5 HOU4 NH
.4.4 ~- OZ--. ;p6. 18 -AX 004 aO. hzJU :) it - 31V c 0o N-..i I4h . n'5 . -, go 5 .- I hg SW U z 8,Juv~~ ~ :0 0444 -50 m A W0 kaOI a 04. #-- aC S-H 4 zU Z.Id*

ox -VZ zzzU 0N-X41Z~a4U4. &I ~O44U- *SI H 00004 o w t

"Q=OL54 *iUUSo HNWUW0U~~ W 0 4.J94 -taUoww 4 d4.W 5U4WJ) U5UH.OOOOOSIUSIOW aq 5. 00 05.Q5WM0or 044J 101UU 4 U451d 4i5 5~Z Z 0. 0 0 4age zO4 hK bU4Ja~~J "ilI W.4UU SI SID AUWU z id.UU O00
=~~S & WI 0 'aI -I0~.~-II. U.0

4~~~~L~~~JU5v~y we4 J~OK.O ~ I H~ J Z ZJ. 0 .
P-igWi olV : o-O 1-J4 554

*0. . .. . . ... . . . . . .. . . . . . . . . . . .UWC@Oc.4O~' 8" ow ot. g K u-sr9a.. -9-*pU4*tr 4ggc 4 4 re.,4.
-91A4 -94 Wo OO W%% XW WMi .444 MIX v. .43- .4.4 54 44 4.



4 fn Nc: w>

0.0

09 0

*Y 4 N 44

0.0

o.0

ON

ON,

tN to ~ N I 4 c N

0

.0

fl

14 T

ONy m 4 .4

Ch.Y

w NO9 "NZ 04 =Zo 4

oo c 4 "C 'a w 4 ' .. L
'ZOZ 0- .4 9.4.4 4 - P- 4Q

Cow
OM W L j o .4 N f Z

SN 030 .UNM4C1 N Q . .4 0 10t 0 d a- U A- 4 4 , , qf ,aaC

SN N .4 .4 N . . ....

wO a: C2 14 "N C 0 C14 m
cI t.. 0 I. A C2~Z .0CO 1 k4. ~ 0LI17S

-
0 U



ONN

.4 Ix CI4 A 4

CY

.1 SN 5 N 4 cu

0.4

C,

4 N M 4 .4N N t

ol a

14 -4- .4 w .

5.4Y N 4N ty N4 a

oOor

117 C

ON

S N N 14N

on7 . N f4 M'

CJ of

00 N N c ' 4

110

ccc

- CL 0.4yN

5z .4 P7 0 0

Ca-

0 0 N 444 _j x.. N .a 0 0 4 0 . 4w1
0L ON 6 u j e w

=M 0 . .%4j' 9 a wt0 j.b m9 D ~ .. 40 .

SN a9 x4 .4 00 w.4 6U Z ' c 0 .4 .j N - 4

4 -1 N 0 .44 W ' A 0'J - 3

A. CLj4, 4

N R 04 X 00

ww WtO.- -z a, coo105J 4;Z ~ ww~-O(l c 04-0 404 - 4& fl7 44.jja

0% .~ 
3  

o wr' 3.0'.o
00 ~ ~ ~ ~ ~ ~ ~ J 000)4440 2 40 0 0-C-44 0 0 -. 44444 0 0

a2 CLO W10 0a4 'go1904 u0P441 .0004440~ n WL wC 4.
00010.0.1w.4)0.44W4 0244040 4 005901Am 0000 S40000 0.00

co Ol 414O~f 
1 0 4

-r w0 tA W.4

cn uc aa~ cc ,. na o cc a~cr c g~og r- , nn owo176a.'



LAL
ON N NN

0OD

O IA

-t -4N

O n

ON w

ONN

* a 4 N .4 .

0.4

CO

ONN

0

ar + N+ N *NN

C-c

a010
0'

ao a '*N .

a010

00'n

I. In al "1 4 N 0

'a N .44+

.0 * a f N2 N0 0 . 4oo .4
o0 -4n4')oa

-Y C .C- 0 w 1 "1 N j ox 4 4

0w m wA ft N Vt 4 -

0..; LL MV 0 0X1 D DC
cm oA moo N 4w: 4 f

W" *. 4 N- -C -- 44~o w

to cc. 4 N ft 4 4

07
4- CIA



rt. A U 4 4 4 cc A

0.4

.4

w to N W .4 . 4 .

ON
m *r

.r 4 N 4 N

.N *7 . N w N 0

00 .

In0 N ew 4 Ny

ON * NO Of 0 4*

o

UO~~~ ccoNy r

04

eN 4n N 0 00.

z 0Q

0.+4 C .

o4 .t Nv 0. 0 4

v N 3 N

ON

.tN~~~( *74 N 0.*

00 0*70
w *7n i4 r 0 

C.. 0*7wo

o us g n N w ~
1040.4- " iI

z. * ou woo 0 4 4 4 = w w w x W = Pz

o.4 * .4W4 N .4 4

ow001

o cc N' 4N w .4*4u . .

4r .' N.N......



I!7
APPENDIX F

Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Grassland (summary of all grassland communities)

MAP SYMBOL: 10

QUADRANTS: 11 65 87 158 198 217 249 265 285 295
47 74 92 173 200 223 250 266 288 296
55 18 107 174 206 238 261 271 289 297
57 79 110 179 208 23' 262 277 290 298
64 84 132 189 213 240 263 281 291 304

-_ _NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs
Acacia constricta 3 + 6.25 1.1

Artemisia filifolia 6 R 12.5 2.3

Atriplex canescens 9 R 18.75 3.4

Berberis trifoliolata 6 + 12.5 2.3

Dalea formosa 7 2 14.6 2.7

Dasylirion Wheeleri 2 + 4.2 0.8

Dyssodia acerosa 4 1 8.3 1.5

Ephedra sp. 15 R 31.2 5.7

Eurotia lanata 3 R 6.2 .

Flourensia cernua 4 R 8.3 1.5

Fouquieria splendens 5 R 10.4 1.9

Koeberlinia spinosa 3 R 6.2 1.1

Krameria glandulosa 3 2 6.2 1.1

Larrea tridentata 15 R 31.2 5.7

Nolina sp. 3 1 6.3 1.1

Opuntia spp. 8 R 16.7 3.0

Parthenium incanum 7 R 14.6 2.6

- - Prosopis glandulosa 12 R 25.0 4.5
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APPENDIX F. (Continiued)
Summary of Phytosociological Data by Plant Community.

NO. OF COVER ABSOLUTE RELATIVE I

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Rhus aroniatica 1 + 2.1 0.4

Rhus iicrophylla 1 + 2.1 0.4

Viguiera stenoloba 3 1 6.2 1.1

Xanthocephalun Sarothrae 19 1 39.6 7.1

Yucca baccata 2 2 4.2 0.8

Yucca elata 19 R 39.6 7.1

Yucca Torreyi 4 + 8.3 1.5

Grasses
-Aristida sp. 3 R 6.2 1.1

Bouteloua curtipendula 13 2 27.1 4.9

Bouteloua eriopoda 13 2 27.1 4.9

Bouteloua gracilis 4 2 8.3 1.5

Bouteloua hirsuta 4 1 8.3 1.5

Chioris virgata 1 R 2.1 0.4

Hilaria mutica 13 3 27.1 4.9

Muhienbergia arenacea 4 R 8.3 1.5

Muhienbergia setifolia 3 1 6.2 1.1

Panicum obtusum 1 2 2.1 0.4

Scieropogon brevifolius 7 2 14.6 2.6

Setaria macrostachya 1 R 2.1 0.4

-Sporobolus contractus 1 1 2.1 0.4

-Sporobolus cryptandrus 20 2 40.0 7.5

-Sporobolus flexuosus 2 R 4.2 0.8

Sporobolus giganteus 1 4 2.1 0.4

Sporobous Wrightii 5 + 10.4 1.9

Tridens muticus 6 1 12.5 2.3
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.
PLANT COMMUNITY: Bouteloua eriopoda - Bouteloua curtipendula

COMMUNITY SYMBOL: 10a
QUADRANTS: 189 200 208 250 261 285 290 296

NO. OF COVER ABSOLUTE RELATIVE
_SPECIES QUDAT LS RQEC FREQUENCY

Shrubs
Acacia constricta 1 + 12.5 1.9

Berberis trifoliolata 3 R 37.5 5.8

- Dasylirion Wheeleri 1 251.9

Ephedra sp. 1 R 12.5 1.9

Eurotia lanata 3 R 37.5 5.8

Flourensia cernua 1 R 12.5 1.9

-Krameria glandulosa 1 2 12.5 1.9

Larrea tridentata 3 R 37.5 5.8

Opuntia spp. 1 R 12.5 1.9

Partheniun incanui 2 R 25.0 3.8

Prosopis glandulosa 2 + 25.0 3.8

Viguiera stenoloba 1 1 12.5 1.9

Xanthocephalum Sarothrae 2 R 25.0 3.8

Yucca baccata 1 1 12.5 1.9

Yucca elata 4 R 50.0 7.7

Grasses

Aristida sp. 1 R 12.5 1.9

Bouteloua curtipendula 3 2 37.5 5.8

Bouteloua eriopoda 8 3 100.0 15.4

Bouteloua gracilis 2 2 25.0 3.8

Boutelova hirsuta 3 1 37.5 5.8

__Hilaria mutica 1 1 12.5 1.9
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Muhienbergia arenacea 1 R 12.5 1.9

Muhienbergia setifolia 1 1 12.5 1.9

Sporobolus cryptandrus 1 R 12.5 1.9

Sporobolus flexuosus 1 R 12.5 1.9

Sporobolus Wrightii 2 + 25.0 3.8

Tridens muticus 1 1 12.5 1.9
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XI

It APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

PLANT COMM~UNITY: Bouteloua curtipendula -Bouteloua uniflora

COMMUNITY SYMBOL: 10b

QUADRANTS: 92 110 198 206 249 262 263 289 2911 297

NO. OF COVFR A1BSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

r Shrubs
Acacia constricta 1 + 10.0 1.3

Artemisia filifolia 1 + 10.0 1.34

Atri p1ex canescens 1 R 10.0 1.3

Berberls trifoliolata 3 4-30.0 3.9

Dale& formosa 3 1 30.0 3.9

Dasylirion Wheeleri I + 10.0 1.3
r

Dyssodia acerosa 4 1 40.0 5.3

Ephedra sp. 4 1 40.0 5.3

Fouquieria splendens 3 R 30.0 3.9

Koeberlinia spinosa 1 + 10.0 1.3

Krameria glandulosa 2 2 20.0 2.6

Larrea tridentata 6 4-60.0 7.9

Nolina sp. 3 1 30.0 3.9

Opuntia spp. 3 1 30.0 3.9

Parthenium incanum 4 R 40.0 5.3

Prosopis glandulosa 1 +10.0 1.3

Rhus ricrophylla I + 10.0 1.3

Viguiera stenoloba 2 1 20.0 2.6

Xanthocephalum Sarothrae 3 1 30.0 3.9

Yucca baccata 1 2 10.0 1.3

Yucca Torreyi 3 + 30.0 3.9
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Grasses

Aristida sp. 2 + 20.0 2.6

Bouteloua curtipendula 9 3 90.0 11.8

Bouteloua eriopoda 3 1 30.0 3.9

Bouteloua gracilis 1 2 10.0 1.3

Bouteloua hirsuta 1 10.0 1.3

Muhlenbergia arenacea 1 1 10.0 1.3

Muhlenbergia setifolia 2 1 20.0 2.6

Sporobolus cryptandrus 1 10.0 1.3

Sporobolus flexuosus 1 + 10.0 1.3

Sporobolus Wrightii 1 10.0 1.3

Tridens muticus 3 R 30.0 3.9

ME
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APPENDIX F. (Continued)

Summary of PlhytosociologicaI Data by Plant Community.

PLANT COMMUNITY: Scieropogon brevifolius -Hilaria mutica

CO14MUNITY SYMBOL: 10c

QUADRANTS: 47 223 239 240 265 266 277 281 288 304

87 238

1NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs i
Acacia constricta 1 R 8.3 2.4

Atriplex canescens 1 + 8.3 2.4

Flourensia cernua 1 + 8.3 2.4

Koeberlinia spinosa 2 + 16-7 4.8

Larrea tridentata 3 R 25.0 7.1

Opuntia spp. 4 R 33.3 9.5 H

Parthenium incanum 1 + 8.3 2.4

Prosopis glandulosa 1 R 8.3 2.4

Rhus roiatica 1 + 8.3 2.4

Yucca elata 2 1 16.7 4.8

Grasses
Bouteloua eriopoda 1 2 8.3 2.4

BoutelouL gracilis 1 1 8.3 2.4

Hilaria niutica 12 3 100.0 28.6 H

Muhienbergia arenacea i R 8.3 2.4

Panicum obtusum 1 2 8.3 2.4

Scleropogon brevifolius 7 2 58.3 16.7

Sporobolus Wrightii 1 2 8.3 2.4
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APPENDIX F. (Continued)I Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Sporobolus cryptandrus -Sporobolus flexuosus

COMMTUNITY SYMBOL: 10d

=QUADRANTS: 11 57 6S 78 84 132 173 213 271 295

55 64 74 79 107 158 17 217

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Artemisia filifolia 5 R 22.8 6.1

Atriplex canescens 7 R~ 38.9 8.5

Dalea formosa 4 1 22.2 4.9

Ephedra sp. 10 1 55.6 12.2

Flourensia cernua I R 5.6 1.2

Larrea tridentata 2 R 11.1 2.4

Prosopis glandulosa 7 R 38.9 8.5

Xanthocephalum Sarothrae 13 1 72.2 15.9

Yucca elata 8 144.4 9.8

Yucca Torreyi 1 1 5.6 1.2

Grasse.
Bouteloua curtipendula 1 2 5.6 1.2

Bouteioua eriopoda 1 1 5.6 1.2

Chioris virgata I R 5.6 1.2

Setaria racrostachya 1 R 5.6 1.2

Sporobolus contractus 1 5.6 1.2

Sporabolus cryptandrus 1s 2 100.0 22.0

Tridens muitiu 1 5.6 1.2J
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APPENDIX F. (Continued)
Summary of Phytosociological Data byPlant Community.

PLANT COMMUNITY: Grass -Larrea tridentata~

MAP SYMBOL: 11

QUADRANTS: 86 98 191 201 202 236 251 252 286 28791

NO. OF COVER ABSOLUTE RELATIVESPECIES QUADRANTS CLASS rREQUEMICY FREQOUENCY
Shrubs

Acacia constricta 1 29.111

Artemisia filifolia 1 R 9.1 1.,

Dalea formosa 3 2 27.3 3.4

Dyssodia acerosa 6 R 54.5 6.8

Ephedra sp. 1 R 9.1 1.1

Eurotia lanata 2 18.2 2.31

Flourensia cernua 2 R 18.2 2.3
Fouquieria splendens 1 + 9.1 1.1
Krarneria glandulosa 1 + 9.1 1.1

Larrea tridentata 11 2 100.0 12.5

Opuntia spp. 3 R 27.3 3.4

Prosopis glandulosa 2 R 18.2 2.3

Xanthocephalum Sarothrae 9 1 81.8 10.2

Yuc.ca baccata 1 1 9.1 1.1

Yucca elata 3 + 27.3 3-4

__Yucca Torreyi 18 R 27.3 3.4

Bouteloua eriopoda 8 2 72.7 9
Bouteloua gracilis 4 2 36.4 4.5

Bouteloua hirst 2 1 18.2 2.3

____________________187_
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APPENDIX F. (Continued)

Hiiaria Summary of Phytosociological Data by Plant Community. RLTV

SEISQARNS CLASS FREQUENCYQEC

Mhebri rnca22 18.2 2.3

MhinegaPrzi21 1822.3

Mulnegasetifolia 12 9.1 1.1L

Sceooo rvftis22 18.2 2-3

neia acrostachya 1 R .11

Sorblsccntract-us 1 + 9.1 1.1

Sporobo1his cryf'tandrus 2 R 18.22.

Sporobotus Wrightii 2 1 1322.3

Stipa Pringie-1 1 -I9.1 1

Tridens muticus 2 1 18.2 2.4

Grass spp. 1 R 9.1 1.1
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___ APPENDIX F. (Continued)

___ Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Grass -Flourensia cernua

___ MAP SYMBOL: 12

QUADRANTS: 15 22 85 96 101 183 221

INO. OF COVER ABSOLUTE RELATIVE
SPECIES _QUADRANTS CLASS FREQUENCY FREQUENCY

___ Shrubs
__Atriplex canescens 2 R 28.6 6.5

Flourensia cernua 7 2 100.0 22.6

Larrea tridentata 4 R 57.1 12.9

Opuntia spp. 3 R 42.9 9.7

___Prosopis glandulosa 1 R 14.3 3.2

Rhus microphylla 1 R 14.3 3.2

_____Grasses

Hilaria mutica 7 3 100.0 22.6

Muhienbergia arenacea 1 1 14.3 3.2

Muhlenbergia Porteri 1 3 14.3 3.2

Scieropogon brevifolius 4 2 57.1 12.9
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Grass -Acacia constricta

MAP SYMBOL: 13

QUADRANTS: 89 187 195 204

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Acacia constricta 4 1 100.0 10.5

=Atriplex canescens 1 R 25.0 2.6

Berberis triffoliolata 1 +25.0 2.6

Dalea formosa 1 2 25.0 2.6

Dyssodia acerosa 4 1 100.0 10.5

Ephedra sp. 3 R 75.0 7.9

Flourensia cernua 1 R 25.0 2.6

MLKoeberlinia spinosa 1 + 25. 0 2.6

Krameria glandulosa 1 R 25.0 2.6

Larrea tridentata 2 1 50.0 5.3

Opuntia spp. 3 R 75.0 7.9

Partheniun incanum 2 R 50.0 5.3

Prosopis glandulosa 1 4. 25.0 2.6

Viguiera stenoloba 1 1 25.0 2.6

Xanthocephalum Sarothrae 3 R 75.0 7.9

Yucca baccata 1 + 25.0 2.6

Yucca elata 1 + 25.0 2.6

Grasses

Bouteloua curtipendula 3 1 75.0 7.9

Bouteloua eriopoda 3 2 75.0 7.9

Tridens inuticus 1 R 25.0 2.6
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Grass -Artemisia 
filifolia

MAP SYMBOL: 14

QUADRANTS: 10 29 38 215 241 276

NO OF. COVER ABSOLUTE RELATIVE

ISPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Artemisia filifolia 6 1 100.0 22.2

Atriplex canescens 4 + 66.7 14.8

Partheliuml incanum 1 R 16.7 3.7

ProsopiS glanduiosa 3 R 50.0 1.

Xanthocephalum Sarothrae 4 1 66.7 14.8

Yucca elata 5 R 83.3 18.5

Grasses

SporoboluS cryptandrus 4 3 66.7 14.8
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APPENDIX F. (Continued)
M Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Grass -Prosopis glandulosa

MAP SYMBOL: 15

QUADRANTS: 203 207 259 274 293I-NO. OF COVER ABSOLUTE RELATIVE
SPEC IES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Artemisia filifolia 2 1 40.0 8.0

Atriplex canescens 1 1 20.0 4.0

Dalea formosa 1 R 20.0 4.0

Eurotia lanata 1 + 20.0 4.0

Prosopis glandulosa 5 1 100.0 20.0

Xanthocephalum Sarothrae 2 R 40.0 8.0

Yucca elata 2 R 40.0 8.0

Yucca Torreyi 1 + 20.0 4.0

Grasses

Aristida sp. 1 1 20.0 4.0

Bouteloua curtipendula 1 2 20.0 4.0

Bouteloua eriopoda 2 2 40.0 8.0

Bouteloua gracilis 1 1 20.0 4.0

Bouteloua hirsuta 1 R 20.0 4.0

=Sporobolus cryptandrus 4 2 80.0 16.0
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APPENDIX F. (Continued)
__ Summary of Phytosociological Data by Plant Community.

__ PLANT COMMUNITY: Grass -Parthenium incanum

__ MAP SYMBOL: 16

__QUADRANTS: 49 126 178 181 253 254 258 260 264 282124 127

NO. OF COVER ABSOLUTE RELATIVE__SPECIES QUlADRANTS CLASS FREQUENCY FREQUENCY
__ Shrubs

Acacia constricta 5 141.7 4.6
Agave lechequilla 1 1 8.3 0.9
Agave Parryi 3 1 25.0 2.8
Aloysia Wrightii 1+ 8.3 0.9

__Berberis trifoliolata 2 1 16.7 1.9
Dalea formosa 4 R 33.3 3.7

__Dasylirion Wheeleri 2 + 16.7 1.9
__Dyssodia acerosa 3 R 215.0 2.8
__Ephedra sp. 6 R 50.90 5.6

Flourensia cernua 1+ 8.3 0.9
__Fouquieria splendens 4 R 33.3 3.7
__Koeberlinia spinosa 1 + 8.3 0.9

___Larrea tridentata 9 1 75.0 8.3
__Nolina sp. 3 1 25.0 2.8

___Opuntia spp. 2 R 16.7 1.8
___Parthenium incanum 12 2 100.0 11.1
___Prosopis glandulosa 2 + 16.7 1.9
___Rhus aromatica 1+ 8.3 0.9

__Rhus ricrophylla 2 1 16.7 1.9
__Viguiera stenoloba 5 1 41.7 4.6
__Xanthocephalum Sarothrae 5 1 41.7 4.6
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Yucca elata 4 R 33.3 3.7

Yucca Tor-reyi 2 R 16.7 1.9

Grasses

Aristida sp. 1 1 8.3 0.9

Bouteloua curtipendula 7 2 58.3 6.5

Bouteloua eriopoda 5 2 41.3 4.6

Bouteloua gracilis 1 1 8.3 0.9

Hilaria rnutica 2 1 16.7 1.9

-=Lycurus phleoides 1 2 8.3 0.9

=Muhlenbergia arenacea 1 R 8.3 0.9

Muhienbergia Porteri 1 + 8.3 0.9

Muhienbergia setifolia 1 1 8.3 0.9

=Scieropogon brevifolius 1 1 8.3 0.9

Setaria nacrostachya 1 + 8.3 0.9

Sporobolus cryptandrus 1 + 8.3 0.9

Sporabolus Wrightii I + 8.3

Tridens muticus 1 R 8.3

Grass spp. 3 2 25.0 2.8
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

PLANT COMM4UNITY: Larrea tridentata

MAP SYMBOL: 20

QUAURANTS: 2 32 71 77 112 117 136 139 141 212
6 62 72 111 114 118 138 140 209 279
20 63

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Acacia constricta I + 4.5 1.2

Artemisia filifolia 1 + 4.5 1.2

Atriplex canescens 1 R 4.5 1-2

Berberis trifoliolata 2 + 9.1 2.5

Dalea formosa 6 1 27.3 7.5

Ephedra sp. 1 R 4.5 1.2

Flourensia cernua 4 + 18.2 5.0

Larrea tridentata 22 2 100.0 27.5

Opuntia spp. 5 R 22.7 6.2

Partheniui incanuni 3 + 13.6 3.8

Prosopis glandulosa 6 + 27.3 7.5

Rhus microphyllda 1 R 4.5 1.2

Xanthocephalum Sarothrae 12 1 54.5 15.0

Yucca baccata 1 + 4.5 1.2

__Yucca elata 2 R 9.1 2.5

Grasses

__Arisl..ida sp. 1 R 4.5 1.2

__Grass spp. 1 + 50.0 13.8
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APPENDIX F. (Continued)

Summary of Phytosociological Daita by Plant Community.

PLANT COMMUNITY: Larrea tridentata -Grass

M4AP SYMBOL: 21

QUADRANTS: 12 43 70 131 142 149 150 151 160 267

17 44 99 137 143

NO. OF COVER ABSOLUTE RELATIE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Dalea formosa 1 1 6.7 1.5

Dyssodia acerosa 1 1 6.7 1.5

Flourensia cernua 2 + 13.3 3.0

Larrea tridentata 15 2 100.0 22.4

Opuntia spp. 5 R 33.3 7.5

Partheniun incanui 3 + 20.0 4.5

Prosopis glandulosa 2 + 13.3 3.0

Xanthocephalun Sarothrae 10 1 66.7 14.9

Yucca baccata 1 1 6.7 1.5

Yucca elata 2 1 13.3 3.0

Grasses
Hilaria mutica 1 2 6.7 135

Muhienbergia arenacea 3 1 20.0 4.5

Muhlenbergia Porteri 2 2 13.3 3.0

Scleropogon bravifolius 1 1 6.7 1.5

Setaria macrostachya 1 1 6.7 1.5

Sporobolus Wrightil 8 1 53.3 11.9

Tridens niuticus 7 1 46.7 10.4

Grass spp. 2 2 13.3 3.0
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__ APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

___ PLANT COMMUNITY: Larrea tridentata -Partheniui incanum - Grass

MAP SYMBOL: 22

QUADRANTS: 19 115 129 166 175 186 196 197 220 298

__25 125 145 1;7 176

NO. OF COVER ABSOLUTE RELATIVE

__SPECIES 
QUADRANTS CLASS FREQUENCY FREQUENCY

___ Shrubs

Acacia constricta 3 1 20.0 3.0

Aloysia Wrightii 1 + 6.7 1.0

Dalea formosa 5 R 33.3 5.0

Dyssodia acerosa 1 R 6.7 1.0

Ephedra sp. 1 + 6.7 1.0

Eurotia lanata 1 1 6.7 1.0

Flourensia cernua 3 1 20.0 3.0

Fouquieria splendens 2 R 13.3 2.0

Koeberlinia spinosa 1 + 6.7 1.0

Larrea trideritata 15 2 100.0 15-2

Opuntia spp. 4 R 26.7 4.G

=Partheniurn incanum 15 1 100.0 15.2

Prosopis q1andulosa 6 + 40.0 6.1

Rhus microphylla 3, + 20.0 3.0

Viguiera stenoloba 1 1 6.7 1.0

Xanthocephalum Sarothrae 11 1 73.3 11.1

Yucca baccata 1 + 6.7 1.0

Yucca elata 3 1 20.0 3.0

Yucca Torreyi 2 R 13.3 2.0

Grasses

__Aristida sp. 1 R 6.7 1.0

__Bouteloua curtipendula 1 1 6.7 1.0
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APPENDIX F. (Continued)

Summary of Phytosociological -ata by Plant Community.

NO. OF COVER ABSOLUTE RELATIVE

ISPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

IBouteloua eriopoda 1 1 6.7 1.0

Muhienbergia Porteri 2 1 13.3 2.0

Setaria nacrostachya 1 + 6.7 1.0

Sporobolus cryptandrus 2 1 13.3 2.0

Sporobolus Wrightii 1 1 6.7 1.0

=Trichachne californica 1 1 6.7 1.0

Tridens muticus 9 2 60.0 9.1

Grass spp. 1 2 6.7 1.0
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APPENDIX F. (Continued)
Summary of Phytosociological Data by Plant Community.

__PLANT COMMUNITY: Larrea tridentata -Prosopis glandulosa -Xanthocephaluni

_MAP SYMBOL: 23

__QUADRANTS: 1 39 42 82 128 135 159 163 169 218
3 41 58 122 130 147 1II 168 170 219

__ 18

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs
Atriplex canescens 3 R 14.2 2.9

Dalea formosa 2 R 9.5 2.0

Dyssodia acerosa 1 + 4.8 1.0

Ephedra sp. 1 R 4.8 1.0

Eurotia lanata 1 + 4.8 1.0

Flourensia cernua 5 1 23.4 4.9

Larrea tridentata 21 2 100.0 20.6

Opuntia spp. 4 R 19.0 4.0

Parthenium incanui 4 1 19.0 4.0

Prosopis glandulosa 21 2 100.0 20.6

Rhus microphylla 2 1 9.5 2.0

Xanthocephalun Sarothrae 15 1 71.4 14.7

Yucca baccata I R 4.8 1.0

__Yucca elata 5 1 23.8 4.9

Yucca Torreyi 1 1 4.8 1.0

Grasses
__Hflaria mutica 1 1 4.8 1.0

Muhlenbergia Porteri 4 2 19.0 4.0

__Sporobolus cryptandrus 4 2 19.0 4.0

Tridens mnuticus 2 1 9.5 2.0

__Grass spp. 4 2 19.0 4.0
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APPENDIX F. (Continued)
Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Larrea tridentata - Flourensia cernua -Grass

MAP SYMBOL: 25

QUADRANTS: 33 48 76 95 146 153 188 272 273 294

35 73 88 123 148 182

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs
Acacia constricta 1 + 6.2 1.1

Artemisia filifolia 1 2 6.2 1.1

-Atriplex canescens 3 + 18.8 3.3

Dyssodia acerosa I R 5.2 1.1

-Ephedra sp. 1 + 6.2 1.1

-Flourensia cernua 16 2 100.0 17.8

Fouquieria splendens 2 R 12.5 2.2

Koeberlinia spinosa 1 + 5.2 1.1

Larrea tridentata 16 2 100.0 17.8

=Nolina sp. 1 2 6.2 1.1

Opuntia spp. 3 + 18.8 3.3

Partheniui incanun 4 1 25.0 4.4

Prosopis glandulosa 7 1 43.8 7.8

Xanthocephalun Sarothrae 7 1 43.8 7.8

Yucca elata 2 1 12.5 2.2

Yucca Torreyi 1 R 6.2 1.1

Grasses

Klilaria inutica 4 2 25.0 4.4

Muhlenbergia arenacea 3 2 18.8 3.3

Muhlenbergia Porteri 6 2 37.5 6.7

Muhlenbergia setifalia 1 1 6.2 1.1

Panicun obtusui 1 2 6.2 1.1
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APPENDIX F. idContinued)
Summary of Phytosocio logical Data by Plant Community.

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

-=Scieropogon brevifolius 4 2 25.0 4.4

Sprrobolus cryptandrus 1 R 6.2 1.1

Tridens muticus 1 1 6.2 1.1

Grass spp. 2 2 12.5 2.2

201



APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.
PLANT COMMUNITY: Acacia constricta -Grass

MAP SYMBOL: 30

QUADR~ANTS: 45 90 94 180 222 237 255 256 257 268

46 93 97 199

NO. OF COVER ABSOLUTE RELATIVE
SPECIESQUADRANTS CLASS FREQUENCY FRQEC

Shrubs
Acacia constricta 14 2 100.0 14.4

Atriplex canescens 1 + 7.1 1.0

Berberis trifoliolata 3 + 21.4 3.1

Dalea formosa 6 1 42.9 6.2

Dalea scoparia 1 R 7.1 1.0

Dyssodia acerosa 3 + 21.4 3.1

Ephedra sp. 6 R 42.9 6.2

Flourensia cernua 4 R 28.6 4.1

Fouquieria splendens 1 R 7.1 1.0

Koeberlinia spinosa 2 + 14.3 2.1

Krameria glandulosa 1 + 7.1 1.0

Larrea tridentata 4 + 28.6 4.1

Opuntia spp. 4 R 28.6 4.1

Parthenium incanum 10 1 71.4 10.3

Prosopis glandulosa 2 R 14.3 2.1

Xanthocephalum Sarothrae 7 1 50.0 7.2

Yucca baccata 1 + 7.1 1.0

Yucca elata 3 R 21.4 3.1

Grasses

Bouteloua curtipendula 6 2 42.9 6.2

Bouteloua eriopoda 2 2 14.3 2.1

Bouteloua hirsuta 1 1 7.1 1.1
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APPENDIX F. (Continued)
Summary of Phytosociological Data by Plant Community.

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Hilaria nlutica 6 2 42.9 6.2

Scieropogon brevifolius 3 1 21.4 3.1

Tridens muticus 3 R 21.4 3.1

Grass spp. 3 + 21.4 3.1
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APPENDIX F. (Continued)f

Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Acacia constricta -Larrea tridentata -Grass

MAP SYMBOL: 31

QUADRANTS: 4 5 21 164 165 177 193 194 283 298

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Acacia constricta 10 2 100.0 13.5

Eerberis trifoliolata 1 R 10.0 1.4

Dyssodia acerosa 4 1 40.0 5.4

Ephedra sp. 4 R 40.0 5.4

Flourensia cernua 6 1 60.0 8.1

Fouquieria splendens 2 R 20.0 2.7

Koeberlinia spinosa 1 + 10.0 1.4

Larrea tridentata 10 1 100.0 13.5

-- Opuntia spp. 6 R 60.0 8.1

Parthenium incanum 4 R 40.0 5.4

Prosopis glandulosa 2 R 20.0 2.7

-Rhus microphylla 2 1 20.0 2.7

Viguiera stenoloba 1 R 10.0 1.4

Xanthocephalum Sarothrae 5 R 50.0 6.8

Yucca baccata 2 1 20.0 2.7

Yucca Torreyl R 10.0 1.4

Grasses

Aristida sp. 1 1 10.0 1.4

Bouteloua eriopoda 2 2 20.0 2.7

Hilaria niutica 2 1 20.0 2.7

Muhienbergia arenacea 1 1 10.0 1.4

Scieropogon brevifolius 1 1 10.0 1.4
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Sporobolus cryptandrus 1 1 10.0 1.4

Sporobolus Wrightii 1 2 10.0 1.4

Tridens muticus 3 1 30.0 4.1

Grass spp. 1 2 10.0 1.4
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_APPENDIX F. (Continued)ISummary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Flourensia cernua - Grass

MAP SYMBOL: 40

QUADRANTS: 16 50 75 100 154 184 205 269 284 302
34

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs
Arteinisia filifolia 1 + 9.1 L.5

Atriplex canescens 6 1 54.5 9.1

Berberis trifoliolata 1 + 9.1 1.5

Flourensia cernua 11 2 100.0 16.7

Larrea tridentata 4 R 36.4 6.1

Opuntia spp. 5 R 45.4 7.6

Prosopis glandulosa 6 R 54.5 9.1

Rhus microphylla 1 R 9.1 1.5

Xanthocephalum Sarothrae 1 1 9.1 1.5

Yucca elata 3 R 27.3 4.5

Grasses
Bouteloua eriopoda 1 1 9.1 1.5

Bouteloua gracilis 2 1 18.2 3.0

Hilaria niutica 8 3 72.7 12.1

Muhienbergia arenacea 2 R 18.2 3.0

Panicum obtusum 1 R 9.1 1.5

Scieropogon brevifolius 6 3 54.5 9.1

FtSetaria macrostachya 3 R 27.3 4.5

Sporobolus contractus 1 4 9.1 1.5

Sporobolus Wrightii 2 2 18.2 3.0

Grass spp. 1 2 9.1 1.5
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

M PLANT COMMUNITY: Flourensia cernua - Larrea tridentata - Grass

MAP SYMBOL: 41

QUADRANTS: 7 152 162 185 192 303

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Arteniisia filifolia 2 1 33.3 5.6

Atriplex canescens 3 + 50.0 8.3A

Ephedra sp. 1+ 25.0 2.8

Flourensia cernua 6 2 100.0 16.7

__Larrea 
tridentata 6 1 100.0 16.7

Pros opis glandulosa 3 1 50.0 8.3

Viguiera stenoloba 1116.7 2.8

Xanthocephalum Sarothrae 2 + 33.3 5.6

Yuc ca elata 3 1 50.0 8.3

Yucca Torreyi 1+ 16.7 2.8

Grasses

iilaria mutica 1 4 16.7 2.8

Munienbergia arenacea 1 2 16.7 2.8

__Muhlenbergia 
Porteri 2 2 33.3 5.6

Sporobolus giganteus 1+ 16.7 2.8

Grass spp. 3 2 50.0 8.3
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APPENDIX F. (Continued)

Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Prosopis glandulosa -xanthocephalui Sarothrae -Atriplex

canescens -Grass

MAP SYMBOL: 50

QUADRANTS: 8 24 54 66 80 103 116 156 210 278

£ 51 56 67 81 104 121 157 211 280
14 52 59 68 83 105 133 171 275 299
23 53 60 69 102 113 155 172

NO. OF COVER ABSOLUTE RELATIVE

SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs

Arteniisia filifolia 2 R 5.4 1.2

Atriplex canescens 27 1 73.0 16.8

Berberis trifoliolata 2 + 5.4 1.2

Dalea formosa 1 1 2.7 0.6

Ephedra sp. 11 R 30.0 6.8

Flourensia cernua 2 R 5.4 1.2

Larrea tridentata 3 + 8.1 1.9

Opuntia spp. 1 + 2.7 0.6

Parthenium incanum 2 R 5.4 1.2

-- Prosopis glandulosa 37 2 100.0 23.0

Xanthocephalui Sarothrae 35 1 94.6 21.7

Yucca baccata 3 + 8.1 1.9

Yucca elata 19 + 51.4 11.8

Yucca Torreyi 2 R 5.4 1.2

-~ Grasses

Aristida sp. 1 + 2.7 0.6

Setaria racrostachya 1 R 2.7 0.6

Sporobolus contractus 2 1 5.4 1.2

Sporobolus cryptandrus 9 2 24.3 5.6

Tridens muticus 1 1 2.7 0.6
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APPENDIX F. (Continued)

summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: ProsopiS glandulosa -Larrea tridentata

___ MAP SYMBOL: 51

__QUADRANTS: 
40 134 144

__NO. 

OF COVER ABSOLUTE RELATIVE

SPECES UP.RA!TS CLASS FREQUENCY FREQUENCY

Shrubs

__Atriplex 
canescens 2 R 66.7 13.3

Larrea tridentata 
3 1 100.0 20.0

Partheflium incanulm 
33.3 6.7

Prosopis glandulosa 
3 2 100.0 20.0

Xanthocephalum Sarothrae 
3 2 100.0 20.0

Yucca elata 
1+ 33.3 6.7

Grasses

Grass spp. 
2 1 66.7 13.3
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APPENDIX F. -(Continued)

Summary of Phytosociological-Data by Plant Community.

PLANT COMMUNITY: Prosopis glandulosa -Artemisia filifolia

MAP SYMBOL: 52Ik QUADRANTS: 106 108 109 119

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS_ CLASS FREQUENCY FREQUENCY

Shrubs

Artemisia filifolia 4 1 100.0 16.0

Atriplex canescens 4 + 100.0 16.0

Ephedra sp. 2 R 50.0 3.0

Prosopis glandulosa 4 2 100.0 16.0

Xanthocephalun Sarothrae 4 1 100.0 16.0

Yucca elata 4 + 100.0 16.0

Grasses

Grass spp. 3 + 75.0 12.0
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__ APPENDIX F. (Continiued)

Summary of Phytosociological Data by Plant Community.
___PLANT COMMUNITY: Artemisia filifolia -Grass

___MAP SYMBOL: 60

__QUADRANTS: 26 28 31 120 216 244 246 247 270 292
27 30 37 214 243 245

NO. OF COVER ABSOLUTE RELATIVE

-SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Trees

Juniperus nionospernia 1+ 6.2 1.1

Quercus undulata 1+ 6.2 1.1

Shrubs
Artemisia filifolia 16 2 100.0 18.4

Atriplex canescens 4 R 25.0 4.6

Dalea scoparia 2 2 12.5 2.3

Ephedra sp. 9 R 56.2 10.3

Larrea tridentata 1 R 6.2 1.1

Opuntia spp. 1 R 6.21.

Prosopis glandulosa 2 R 12.5 2.3

Rhus microphylla 1 + 6.2 1.1

Thelesperna longipes 3 R 18.8 3.4

Xanthocephalui Sarothrae 9- 1 56.2 W0.3

__Yucca elata 13 R 81.3 14.9

___ Grasses

Aristida sp. 1 R 6.21.

__- Bouteloua eriopoda 1 2 6.211

Bouteloua hirsuta 1 2 6.2 1.1

__Muhienbergia setifolia 1 3 6.2 1.1

___Sporobolus contractus 4 1 25.0 4.6

Sporobolus cryptandrus 14 2 87.5 16.1

___Sporobolus flexuosus 1R 6.2 1.1

___Tridens niuticus 1 2 6.2 1.1
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APPENDIX F. (Continued)ISummary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Artemisia filifolia -Prosopsis glandulosa

MAP SYMBOL: 61

QUADRANTS: 3 4

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs 
- -

Artemisia filifolia 2 2 100.0 18.2

Ephee sp. 1 + 50.0 9.1

Prosopis glandulosa 2 1 100.0 18.2

Xanthocephalun Sarothrae 2 1 100.0 18.2

Yucca elata 2 R 100.0 18.2

Grasses
Sporobolus cryptandrus 1 2 50.0 9.1

Grass spp. 1 1 50.0 9.1

212



APPENDIX F. (Continued)
Summary of Phytosociological Data by Plant Community.

PLANT COMMUNITY: Other

MAP SYMBOL: 90

QUADRANTS: 13 61 190 248

NO. OF COVER ABSOLUTE RELATIVE
SPECIES QUADRANTS CLASS FREQUENCY FREQUENCY

Shrubs
Acacia constricta 2 + 50.0 7.7

Atriplex canescens 2 R 50.0 7.7

Berberis trifoliolata 1 + 25.0 3.8

Dyssodia acerosa 1 R 25.0 3.8

Ephedra sp. 3 + 75.0 11.5

Flourensia cernua 1+ 25.0 3.8

Larrea tridentata 4 R 100.0 15.4

Opuntia spp. 1 + 25.0 3.8

Parthenium incanum 1R 25.0 3.8

Prosopis glandulosa 2 1 50.0 7.7

Viguiera stenoloba 2 R 50.0 7.7

Xanthocephalum Sarothrae 1 R 25.0 3.8

Yucca Torreyi 1 + 25.0 3.8

Grasses
Muhienbergia arenacea 1 R 25.0 3.8

Tridens rnuticus 1 1 2 5. 0 3.8

Grass spp. 2 R 50.0 7.7
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APPENDIX G

A Listing of the Flora of the Fort Bliss and Adjacent Areas

in South-Central New Mexico Plant Community.I POLYPODIACEAB (True Ferns)
II heitizWh WghtiZ Hook (Wright liptern)

PINACEAE (Pine Family)
JwzipcAuA monospt'tma (Engeim.) Sarg - (oneseeded juniper; cedar)

= PinU6 edLUlt Engeim. (pinyon pine)
EPHEDRACEAE (Ephedra Family)

Epze&t abp&I Engeim. (popotillo; Mormon tea)
Ephecotu tutiWrCa Torr. (long-leaf nphedra; Mormon tea)

GRAMINEAE (Grasses)
Anditwpogon bwrfbiudis, Lag.

-Anditopogon zcchww-LdeA, Swartz (Silver beardgrass)J
Ai ttttda ad6cenb~ionL5, L. (Six weeks three-awn)

=AAZ6tifa Wizonica, Vasey (Arizona three-awn)
kvtitida dtvan.Zcata, Humb. and Bonpi. ex Willd (Poverty three-awn)
Auzttida Zongtiseta, Steud. (Red three-awn)

= A&ttda panza, Wort. and Standi. (Wc'o)ten three-awn)
AnA~tcdz pattAhtt, Hitchc.
Aktttida pampWuLceu, Poir. (Arrow feather)
Botefoua ba,,bata, Lag. (Six weeks grama)
Botetoua fneu;.stta, Vasey.
Bout etoua cwttipenduta (Michx) Torr. (Side oats grama)
B3cutetowr t~iopoda, (Torr.) Torr. (Black grama)
Boutetoua 9'LacAIA, (H.B.K.) Lag. ex Steud. (Blue grama)
Bout etotta IALVCLZt, Lag. (Hairy grama)
Boutetoun wzio'ux, Vasey.
Cenelnua paLCia.6teAab, Benth. (Field sandbur)
Chtivz~ v-tgcta, Swartz. (Feather fingergrass)
Eclzinchltoa cnusgattt var. MIttZS, (Pursh.) Peterm. (Barnyard grass)
Enneapogon desvauXZZ, Beauv. (Spiked pappusgrass)
Ejtagtostis icntenmedin, Hitchc. (Plains lovegrass)
HZtania betange'ti, (Steud.) Nash. (Curly Mesquite)
HtURAa muticc, (Buckl.) Benth. (Tobosa grass)
Leptochttoa dubs.a, (H.B.K.) Nees. (Green sprangletop)
Lycwrutb phZWoidt, H.B.K. (Wolftail)
Mtuhitcnbeu~gia cnenctcea, (Buckl.) Hitchc.
MulLtenben tgia GaJLCVLoZLL, Buckl.
AMutenbeAgia ewettseyZt, Vasey (Eu llgrass)
Mtuhtenbvrgia paucZif't, (Buck)..) (New Mexican muhly)
Mluiztenbe,,taian Ponxtett, Scribn. (Bush mnubly)
Ituhteurbe1'tgia pLUZQCJs, Thurb.
MuhZenbvrgin 4~eUencilOIt, Vasey and Scribn.
Muhtenbeagia 'tigida, (H.B.K.) Kunth. (Purple muhly)
kfuhtenbeftgi~a .setZP'iia, Vasey
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E APPENDIX G. (Continued)

A Listing of the Flora of the Fort Bliss and Adjacent Areas
in South-Central New Mexico Plant Community.

GRAMINEAE (Cont'd)
Mukeenbve.gia TWUmeyi, (Kunth.) Hitchc. ex Bush. (Ring grass)
MuhYtenbvtg-&t xw~phita, C.O. Goodding
PaniLcum obtwum, H.B.K. (vine-mesquite)
Pani.c=m pamnp/..fo4Wn, Hitchc. and Chase
Scte~wpogon baevioti", Phil. (Burro grass)
Setavt-ta maw5t3.achya, H.B.K. (Plains bristlegrass)
SpooboCws az6peA, (Michx.) Kunth.
Spouobotzw coltmLctu,6, Hitchc. (Spike dropseed)
Spottobotws ayptcndkuwA, (Torr.) A. Gray. (sand dropseed)
Spotobotuz4texu0Z!W5, (Thurb.) Rydb. (Mesa dropseed)
Spoubotzw gigantwe6, Nash. (Giant dropseed)
Spotobotz wWt4.9htU, Munro ex Scribn. (Sacaton)
Stipa P'ingte., Scribn. (Pringle needlegrass)
Tkic.hachne caLL~ou~i&, (Benth.) Chase. (Cottontop)
T'uichachne ithcockb., (Chase) Chase
T~u&1ens etongwtw6, (Buckl.) Nash (Rough tridens)
T'uiden6 muticuz6, (Torr.) Nash (Slim tridens)
Th~den,6 putheUuz, (H.B.K.) Hitchc.

LILIACE 1 E (Lily Family)
Va2yV~on (QheeteAi Wats. (Wheeler sotol)
Notina 6pp., Michx.
Yuccct bacca-ta, (Engelm.) Trel. (datil; banana yucca)

- VLCQa etta,Engelm. (soaptree yucca)
Vuceo. ToAveyi,Shafer (Spanish dagger; Torrey yucca)

AMARYLLIDACEAE (Amaryllis Family)
Agave techegwitta,Torr. (lecheguilla)
Agave Pauyq,Engelm. (mescal; Parry agave)

SALICACEAE (Willow Fam~ily)
POPLLZW sp. L. (cottonwood; poplar)
Sa~Ci gooddingLL Ball (Southwestern black willow)

FAGACEAE (Beech Family)
Quewcws wadutatc (wavy leaf oak)

ULMACEAE (Elm Family)
CeZ Jte t~Atc Torr. (netleaf hackberry)
U2.nU,6 sp. L. (elm)

CHENOPODIACEAE (Goosefoot Family)
AtkipZex cablescen.4 (Pursh.) Nutt. k(fourwing saltbush)
Euut&'. Zana-ta (Pursh.) Moq. (common winterfat)
SaZ~ota ka2Z L. (Russian thistle)

BRASSICACEAE (Mustard Family)
Vithykea WQL~tizenii Engelm. var. WiztLze'-.
Lepidi.un &liOCOApum Nutt. var. W)LightL (Gray) Hitchc. (hairypod

spectaclepod)
Lep-&Uum montanum var. atyo.&fea (Gray) Jones (mountain pepperweed)
Lcp-Ldimw rnontanurn var. cangu4t6otium Hitchc. (fleshy pepperweed)

ROSACEAE (Rose Family)
CeAcomtVpu6 montanul. Raf. var. paucidenttw6 (Wats.) F.*L. Martin

(shaggy mountain mahogany)
Fat~&i pa/uV',jxc (Don.) Endl. (Apache plume)
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APPENDIX G. (Continued)

A Listing of the Flora of the Fort Bliss and Adjacent Areas
_____ in South-Central New Mexico Plant Community.

LEGUMINOSAE (Legumes)
AcaciZa COn~5tAiCta Benth. ex Gray (mescat acacia; whitethorn)
Caesapino. .amuii (T. & G.) Fisher (bird-of-paradise)
Cas.6a Lndhegjnvuiana Scheele (Lindheimer senna)
VatCext 4o~w1ozC Torr. (feather dalea)
Vatecz 40anata Spreng. (wooly dalea)
VatCea ZCOpat/J.a Gray (broom dalea)
Ho46rnwueiae9 9.Cauca (Ort) Eifert (rush Pea)
Pakin.onia aceteat L. Retama)
PR'zo~sopLs gtandu.Co6a Torr. var. TOAC~Jctna (Benson) M.C.Johnst. (western

honey mesquite)
- KRAMERIACEAE (Ratany Family)

EKtoameAx'a Amo6La,,ma Wats. (calderona)
KaaomerLa gandaosea Rose & Painter (range ratany)

ZYGOPHYLLACEAE (Caltrop Family)
LaAhJea t'uiden-tata (DC.) Cay. (creosotebush; greasewood)

ANACARDIACEAE (Sumac Family)
Jhum atca Ait. var. piA04i.Sa (Engl.) Shinners (skunkbush;

= fragrant sumac)
Rhu6~ miecAophy!fa Gray (littleleaf sumac)

RHAMNACEAE (Buckthorn Family)
Ceanothws Chetggic Gray (desert ceanothus)
Condaia v icoide, (Gray) M.C.Johnst. (javelina bush)
Condaia mii.xcana, Schlecht,
Condait 6patfu&ta Gray (knifelead condalia)

MALVACEAE (Mallow Family)
HiF"'cu.6 deinudatw Benth. (paleface rosemallow)
Sphcwita-Ccea sp.

FOUQUIERIACEAE (Ocotillo Family)
Fouque~ia 6)pZende.,6 Engelm. (ocotillo)

KOEBERLINIACEAE (Allthorn Family)
Koebex nia 41,ino,6a Zucc. (allthorn)

CACTACEAE (Cacti)
Opuntw EngetCmanZZ (Engelman Prickly pear)
Opunivta itnb'ticat (Haw.) DC. var. ibbiCata (cane cholla; tree cholla)
Opu-tiact eptoca~uLL DC. var. teptOCAUV4 (pencil cholla; Christmas

cactus)
Cpunta#a spp.

TAMARICACEAE (Tamarisk Family)
TamAU k A'amos"(A5x4fa Ledeb (salt cedar)

CONVOLVULACEAE (Morning Glory Family)
Ipornoea sp. (morning glory)

VERBEt4ACEAE (Verbain Family)
A.toyz-La QWighti (Gray) Heller (Wright aloysia)

SOLANACEAB (Nightshade Family)
Nicotimaa .tJLgonophytta Dunal (desert tobacco)
So.&znum e.teagni~otiwn Cay. (silverleaf nightshade)

SCROPHULARIACEAE (Figwort Family)
Ca.6tJ.2jasp. L.f. (Indian paintbrush)

BIGNONIACEAE (Catalpa Family)
Chop &.inevu~ (Cay.) DC. var. UkteWU. (desert willow)
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APPENDIX G. (Continued)

A Listing of the Flora of the Fort Bliss and Adjacent Areas
in South-Central New Mexico Plant Community.

CUCtJRBITACEAE (Gourd Family)
Cucuwbtc 4oe ZcLL6.6imw H.B.K. (buffalogourd)

ASTERACEAE (Sunflower Family)
M..emiziau 4ito0ta Torr. (sand sage)
Bcchavu6 ,Ztinfl 1oa (R. &.P.) Pers. (seepwillow baccharis)
Baiteya mLutadiata Harv. & Gray (desert baileya)
Chyzothomnuw nou6eoz"w (Pall.) Britton (rubber rabbitbrush)
Dy&6.sodia cwsalL DC. (prickleaf dogweed)
Ftoumia cetnuo. DC. (tarbush; blackbrush)
GoaCajidia ptnnoatiJ.4a Torr. (slender gaillardia)
Poauthenium -tncanwn H.B.K. (mariola parthenium)
PLoittophe .tagetUa Greene (wooly paperf lower)
Thetae.~pvma tongipeA Gray (longstalk greenthread)
Viguima~ ztenoobar Balke (skeleton goldeneye)
Xaivthocephat=w mitaocephaeZwn (DC.) Shinners (threadleaf snakeweed)
Xantkoocepo.Cwn Samw~~e (Pursh) Shinners (broom snakeweed)
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APPENDIX H

SUMNARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 13

SITE LANDFORM PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (0/O)) DIRECTION PRESENT TYPE DEPTH

(cm)

200 Ai ALLU £ i Y PAN 28
25e Al BEDL 1 1 Y GRA 28
288 Al ALLU 0 0 N 65
198 A2 BEOL 0 0 Y PAN 23223 A2 SHAL Is 40 N Is

239 A2 ALLU 5 l15 Y PAN 45
-29 A2 BEOL 0 1 Y PAN 23
262 A2 BEOL 0 0 N -08
263 A2 IGNE 0 0 N -15289 A? B EOL 25 0 I1 10

291 A2 BEDL a 0 N 15
296 A2 BEDL a 0 N -15
297 A2 BEOL 15 t N +45261 Al IGNE 0 p N -15
92 B1 ALLU 0 250 Y PAN 30

i10 91 IGNE pl 170 N 5
189 81 ALLU 1u 340 Y PAN 35
206 81 ALLU 2 24u Y PAN 25
.., 8 B1 ALLU 5 85 N 47
238 e1 ALLU i I N 45
290 B1 ALLU 1 0 N +45
47 84 ALLU 2 225 Y PAN +30

271 84 ALLU 0 0 N 10]
281 84 ALLU 0 0 N +15

11 Ci EOLI 1 ±80 N +7i
55 Cl ALLU 5 90 N +12
57 Cl EOLI 1 315 N .30
74 Cl EOLI 6 90 N +63
84 Ci EOLI 0 290 Y PRE 46

158 Ci EOLI 1 270 Y PAN 45
29a Ci EOLI 0 0 N +45
64 0;4 EOLI 3 90 Y GRA 45
65 C4. EOLI 1 90 Y PAN 45
78 C4 ALLU i I Y PAN 63
79 C4 ALLU 1 270 Y PAN 69
107 CL, EOLI 8 25 N 80
1?2 C4 ALLU 2 350 Y GRA 463
173 C4 EOLI 0 40 Y PRE 65
174 C4. EOLI 1 45 Y PAN 45
213 C4 EOLI 1 60 N 63
217 C4 EOLI 0 0 N 63
265 C4 ALLU 0 0 N +15
266 C4 ALLU 0 0 N +15
277 C4 ALLU 0 0 N +30
87 0 ALLU 1 0 Y GRA 30

179 0 ALLU 3 240 N 33
240 D ALLU I 1 N 1
285 0 ALLU 0 0 N 30

0 BEDL a 0 N -15
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APPENDIX H. (Continued)

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT It

SITE LANDFORM PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (0/0)) DIRECTION PRESENT TYPE DEPTH

(CM)

2PI At ALLU I I Y PAN 38
202 At ALLU 4 210 N 4.
251 Al BEDL 2 1 Y GRA 49
286 Al ALLU 0 a N +30
287 Al BEDL 0 U N -31
86 A2 BEDL 0 0 N 12

236 A2 ALLU 4 210 v GRA 43
252 A2 BEDL 3 15 Y PRE 30
91 81 ALLU 4 25V Y GRA 33
98 Bt ALLU 3 210 Y PRE 13

191 B ALLU 3 290 N 30

SUMMARY OF TERRAIN DATA FOR SAMPLv SITES IN LAND COVER UNIT 12

SITE LANDFORM PARENT SLOPE SLOPF CALICHE SOIL

NUMaER UNIT MATFRIAL (0/0) DIRECTION PRESENT TYPE DEPTH
(GI4

i8 B ALLU 0 50 N 45

15 B4 ALLU 0 a N +39

96 B4 ALLU 0 290 Y PAN +30

101 84 ALLU I 180 N 33
22 r, 1 ALLU 3 270 Y PAN +33
85 D ALLU 0 60 N 45

221 0 ALLU 1 29p N 16
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APPENDIX H. (Continued)

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LANUJ COVER UNIT 13

SITE LANDFORH PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH

(CM)

89 Al BEDL 3 280 N
87 A2 SHAL 18 305 Y PRE 15

195 A2 BFDL 2 80 N 15

204 81 LLU 4 200 Y PAN 23

SUlMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT t4

SITE LANDFORM PARENT SLOPi- SLOPE CALICHE SOIL
NUMBER UNIT MATERIA! (0/V) DIRECTION PRESENT TYPE DEPTH

(CM)

38 85 ALLU 2 270 N +15
10 Cl EOLI 4 273 N +75

276 Ci EOLr 0 0 N +69
29 C2 EOLI 3 180 N +3)

2u1 C? EOLT 1 155 N 75
215 C4 EOLI 1 180 Y GRA 93

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 15

SITP LANDFORM PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH

(CM)

20? A± BFDL 12 210 N ±3
207 81 ALLU 1 10 N 41
259 Cl EOLI 0 0 N +30
274 C2 EOLI 0 0 N +30
293 C2 EOLI 0 Y PAN +75
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APPENDIX H. (Continued)

SUMMARY OF TERRAIN DATA FOR SAMPL- SITES IN LAND COVER UNIT t5

SITr LANDFORM PARENT SLOPE SLOPE CALICHE SOIL

NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH
(CM

49 A2 BEDL 26 270 N-i
124 A2 0 0
126 A2 0 0
127 A2 0 0
178 A2 BEOL 12 55 Y PRE io

±8± A2 ALLU B 184 Y PPE 4]

253 A2 BEDL 21 i Y PAN 20

251 A2 EFOL 0 0 N 30

26C A2 BEDL 0 0 N -15

264 A? BEDL 0 0 N -30

z8a 02 SHAL 0 0 Y PRE 33
258 A EOLI 25 0 N 31

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 23

SITE LAIDFORM PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATFRIA1. (W/P) DIRECTION PRESENT TYPE DEPTH

(CM)

20 81 ALLU 2 225 Y PAN 30
T1 81 AALLU 8 240 N 18

1±1 8± ALLU 2 300 Y PAN 15
112 81 ALLU 0 0 Y PAN 15
It 4 81 ALLU 3 225 Y PRE +30
117 B BE 'L 4 45 Y PAN 2
118 81 ALLU 13 320 Y PAN 15
14P Bt ALLU 5 270 Y PAN 30

141 81 ALLU 3 3z" Y PAN 3,
209 a1 BElVL 10 230 N 30
212 81 ALLU 3 40 N 25
2 W3 ALLU 1 55 Y PAN +15

72 87 ALLU 2 330 Y GRA 15 I
77 83 ALLU 2 340 N ±5

136 83 ALLU 2 300 V GRA +33

138 83 ALLU 2 300 N 430
139 87 ALLU 2 300 N .33

6 84 ALLU 1 30 N +3]
- 62 Cl EOLI 1 90 Y GRA -15

63 Ci EOLI 1 270 Y GRA 15
279 C1 EOLI 0 0 N +15

32 Cu ALLU 0 Y V GRA 31
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APPENDIX H. (Continued)

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 21

SITE LANDFORM PARENT SLOPE SLOPE CALICHE SOIL

NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH~(CHI

70 B1 ALLU 5 225 Y GRA Is
99 B1 ALLU 3 210 Y PRE 46

142 81 ALLU 1 25 Y PAN 36
145 81 ALLU 1 50 Y PAN 35

17 83 ALLU 1 270 N +30
43 83 ALLU 2 300 Y PAN 15

137 83 ALLU 2 300 N +3]
149 83 ALLU 1 315 N 90
150 83 ALLU 1 315 N 90

- 151 B3 ALLU 0 70 N 9
267 83 ALLU a 0 N
44 84 ALLU 1 225 Y GRA 25

160B .  ALLU 4 300 N 6-1
12 C2 EOLI 0 1 N +33

131 G4 ALLU 0 330 Y GRA +60

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 2?

SITE LANDFORM PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (0/1) DIRECTION PRESENT TYPE DEPTH

(CM)

25 A2 ALLU l1 240 N -1
115 A2 BEOL 6 30 Y PRE 3
129 A? ALLU 0 0
196 A2 ALLU 2 1 Y GRA 30
197 A2 ALLU 2 1 Y GRA 30
22P A3 IGNE 33 3uo N 2

19 Bi ALLU 2 180 Y PAN -L5
125 81 BFDL 0 0
145 81 ALLU 2 135 Y GRA 23

189 81 PLLU 3 275 Y PAN 31
166 83 BEOL 9 340 N 33
167 87 ALLU 10 250 Y GRA 15
175 83 ALLU 4 30 Y PAN 30

176 87 ALLU 2 35 Y PAN 31



APPENDIX H. (Continued)

SUMMARY OF TIERRAIN OATA FOR SAMPL _ SITES IN LAND COVER UNIT 23

SITE LANDFORM 'PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (0/f ) DIQECTION PRESENT TYPE DEPTH -~(CM)

128 A2 ALLU 0 0
18 B1 ALLU 3 ±80 Y PAN -15
82 8± ALLU 0 0 N £5

122 61 BEOL 0 0
147 B1 ALLU 2 20 Y GRA 15
168 B1 ALLU 11 45 Y GRA 39
218 Bt ALLU 3 280 N 45
219 81 ALUt 3 280 N 45

1 63 ALLU 2 60 N +10
3 83 ALLU 0 325 N +15

41 63 ALLU 1 180 V GRA +15
42 63 ALLU i Z25 Y GRA +15
73 8' ALLU 0 330 N 30
164 B3 ALLU £0 135 N +10
161 84 ALLU 3 310 N 5q

-9 B5 ALLU 2 ±80 Y GRA +45
58 Ci EOLI 3 135 Y PAN 30
135 Ci FOLI 4 180 N 30
159 Ci BEVL 12 240 Y GRA 15
169 Cl ALLU 3 315 N 32
170 cl ALLU 2 45 y GRA 45
±30 C4 EOLT 0 10 V GRA +63

SUMAR.V OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 25

SITr LANDFORM PAFd:NT SLOPE SLOPE CALICHE SOIL
NUMBER .4 1 T MATERIAL (0/0) DIRECTION PRESr.NT TYPE OEPTH

(CM)

182 A? PFOL 35 240 N -15
146 al ALLU 2 20 Y GRA 15
146 B1 ALLU 1 70 Y GRA 15
88 81 ALLU 2 315 Y GRA 6.1

272 B1 ALLU 0 0 N 430
33 B3 ALLU 0 N +33
76 83 ALLU 2 300 N +30
273 83 ALLU 0 0 N 15
35 84 ALLU 2 2?5 N +30
48 84 ALLU 0 270 Y PAN 3)
95 84 ALLU 1 290 Y PAN 13

294 84 ALLU 0 a Y PAN 35
123 sc ALLU 0
157 C 2 EOLI 0 355 N 9)
88 0 ALLU 0 0 N +46
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APPENDIX H. (Continued)

SUMMARY OF TERRAIN DATA FOR SAMPL," SITS IN LAND COVER UNIT 31

SITE LANDFORM PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH

tCM)

45 A2 BEDL 4. 45 N -15
46 A! BEPL 4 1 N -15
90 A2 ALLU 8 320 v PRE 15
93 A2 BEOL 6 130 Y PAN 23
94 A2 BEDL 2 130 y PAN 15
97 A2 BEDL 9 225 Y PAN 18

180 A2 ALLU 14 3S Y PAM 33
199 A2 SHAL 11 195 N 25
222 A2 SHAL 2' 130 N 16
237 A? ALLU ±g 235 Y PAN 4?
255 A2 ALLU 24 10 Y PRE 1s
256 A2 S14AL 20 215 N 35
257 A2 SHAL 16 125 y PRE 43
268 B BEDL 0 0 N 3)

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 31

SITE LANDFORM PARENT SLOPE SLOPS CALICHE SOIL
NUMBER UNIT MATERIAL (0/02 DIRECTION PRESENT TYPE DEPTH

(CM)

165 A2 ALLU 6 300 Y PAN 17
193 A2 BEDL 12 315 Y PAN
19L A2 BEOL 3 270 N 1
224 A2 SHAL 0 0 N Is
225 A? SHAL 0 0 N 15
226 A2 SHAL 0 0 N PPE 35
227 A2 SHAL 0 0 N P5
228 A2 ALLU 0 0 N 15
229 A2 BElL 0 N 30
230 A2 ALLU 0 0 N 45
231 A2 SHAL 0 0N is
232 A? ALLL 0 0 N 15
23Z Az SHAL 0 0 N 15
234 A? ALLU 0 0 N 15
23; A2 ALLU 0 0 N 47
28 A2 BEOL 0 0 N PAN 3)
298 A2 BEL 0 0 N +15
4 9a ALLL 2 37 N +23

a l1 ALLU 3 35 N +25
21 81 ALLU 4 225 Y PAN 33

177 81 ALLU 7 225 Y PAN 38
164 D ALLU 1 300 Y PAN 30
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APPENDIX H. (Continued)

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 43

SITE LANOFORM PARENT SLOPE SLOPE CALICHF SOIL
NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH

(CM)

154 Al ALLU 1 270 N 45
184 Bi ALLU 0 0N 4
16 83 ALLU a a N +30
34 B3 ALLU 3 0 N +32
75 84 ALLU 1 270 N 30

±00 84 ALLU 1 180 V PAN -15
269 84 ALLU 0 0 N +30
302 84 ALLU 0 c N +33

560 ALLU 2 270 N +33
205 D ALLU 5 305 Ni 49
284 D ALLU 1 0 N 30

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 41

SITE LANOFORM PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (010) DIRECTION PRESENT TYPE DEPTH

(CM)

±92 BI ALU 1 290 N 3 i
1=2 84 ALLU 0 1 N 90
±62 84 ALLU £ 290 Y PAN 30
185 84 ALLU 1. 5V Y PAN 3)
3ni 84 ALLU 0 1 N 90

7 0 ALLU 1 75 N +33



APPENDIX H. (Continued)

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNTT 50

SITE LANDFORN PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH

(CM)

299 A2 BEDL 12 24O Y GRA 15

1 81 ALLU 0 0 Y PAN 30
89 85 ALLU 0 0 N 33
l13 BF ALLU 4 185 N +15
210 B5 ALLU 1 230 Y GRA 45
211 B5 ALLU 1 230 Y GRA 45

8 Cl EOLI 0 355 Y GRA +75
9 CI EOLI 0 355 N +75

23 Cl FOLI 3 270 Y GRA +30
24 Cl EOLI 3 270 Y GRA +33
51 C1 EOLI 2 180 Y GRA +33
52 C1 EOLT 2 180 Y GRA +31
53 Ci ALLU 1 180 N +60
54 Cl EOLI 3 1 Y GRA +30
56 CI EGLI 0 ?15 N 30
59 Cl EOLI ? 90 Y GRA 43
60 C1 "OLI 2 1 Y GRA +45
66 CI EOLI 1 90 N +45
67 Ci ALLU 1 300 N +40
68 CI ALLU 2 135 N +41
80 C1 ALLU 2 180 N +31
81 Cl ALLU 2 180 y GRA +30

87 Cl EOLI 0 300 Y PAN 23
102 CI EOLI 0 90 N 30
tf%3 Cl E0LI 0 90 N 3)
1b4 Cl EOLI 4 Y PAN 33
105 1 EOLT 4 0 Y PAN 33
121 CI 0 0
155 Cl EOLI 2 320 y GRA 43
156 Cl EOLI 511 Y GRA 23
157 Ci EOLI I £ Y PAN 45
171 C1 EOLT 1 45 Y GRA 60
172 Cl EOLI 45 Y PAN 60
278 Cl EOL! 0 0 N +15
280 Cl EOLI 0 0 N +15
14 C2 EOLI 0 0 Y GRA +45
133 C4 FOLI 0 1 Y GRA +30
275 C4 EOLI I 0 Y PRE +30

226
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APPENDIX H. (Continued)

SUMMARY-OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 51

SITE LANDFORN PARENT SLOPE SLOPE GALICHE SOIL
NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH

(CM)

144 B1 ALLU 3 225 v GRA 23
40 85 ALLU l 180 Y GRA +45

134 C1 EOLI 0 1 Y GRA +33

- SUMMARY OF TERRAIN OATA FOR SAMPLE SITES IN LAND COVER UNIT 52

SITE LANDFOR" PARENT SLOPE SLOPS CALICHE SOl.
NUMBER UNIT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH

i 1I8 Ci EOLI 1 25 N 60
169 Cl EOL! 1 25 N 63
119 Cl EOLI 0 0
106 C4 EOLI 0 280 Y GRA 63

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 60

SITE LAND'ORH PARENT SLOPE SLOPE CALICHE SOIL
NUMBEP UNIT MATERIAL (O/Dl 3IRErTION PRESEN' TYPE DEPTH

(CH)

27P A2 EOLT a 0 N +5
216 C1 EOLI ± 1 Y GRA 52
28 C2 EOLT 2 1S0 N +31
3if C2 cOLI 8 0 N 33
31 C2 EOLT 1 0 N 30
37 C2 ALLU 1 90 N +15

120 C? ALLU 0 0
243 C 0ED LI 1 280 N 65
244 C2 EOLI 0 0 N 73
25 C2 EGLI 0 0 N 75
247 C2 EOLI 0 0 N 73
292 C2 EOLI Q 0 N +63
26 C4 EOLI 1 91 Y GRA +15
27 C4 EOL! 1 1 Y GRA +30

214 C4 EOLI 0 0 Y PAN 65
246 C4 FOLI 0 0 N 5O
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APPENDIX H. (Continued)

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT St

SITE LANDFORM PARENT SLOPE SLOPE CALICHE SOIL
NUMBER UNTT MATERIAL (0/0) DIRECTION PRESENT TYPE DEPTH

(CM)

36 C? ALLU 2 90 N +15
242 C2 EOLI 1 0 N 75

SUMMARY OF TERRAIN DATA FOR SAMPLE SITES IN LAND COVER UNIT 90

SITE LANDFORM PARENT SLOPE SLOPS CALICME SOIL
NUMBER UNiT MATERIAL (0/01 DIRECTION PRESENT TYPE DEPTH

(CMI

190 al ALLU 12 300 N 38
248 81 ALLU 3 290 N 1i
61 cl EOLI 2 1 Y GRA +15
13 2 ALLU 0 1 N +15
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